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ERRATA. 

Page  82,  Hue  12  from  bottom,  for  tines  read  times. 
*•     84,     "     6       •*         "         "   6   read  6. 
'«     88,     "     2       "         "         "   4      ♦*     5. 

89,  "    6      "        *'        "   f    see    *  on  next  page. 

90,  "     7       "    top,        "  *     *'     f  on  preceding  page. 

97,  "     2       "    bottom,  "  direction  sound,  read  direction  of  sound. 

98,  ''  21       "    bottom,  after  assume,  read  (as  I  did  when  I  began  this 

research.) 

100,  lines  2  and  9  from  top,  for  Johnson  read  Johnston. 

104,  line  5  from  top, /or  vertibuli  read  vestibuli. 
"  109,     "   3     *'       ''for  UTg  read  UT3. 
"  173,     '*   6     *•    bottom, /or  and  read  for, 
"  174,     **   8     **         •'        /or  existing  reflki  exciting. 
"  177,     *'   4     '*     top,/or  (7.)read  6 

'•  178,     "   1     "    bottom,  read  Resultant  curve;  formed  by  combining  the 

curve  of  a  musical  note  with  that  of  its  octave.    A  similar 
correction  to  the  above,  to  be  applied  to  figs.  5  and  6. 
'♦  180,     "  1     "     top,/or  (8.)rca(i7. 
"  1 54,     5  1.  from  top,  for  reduced  read  reversed. 
•'  199,     10  1.  from  top, /or  nitroso-nitro-chloride  read  chloro-nitrate. 
'*  200,     211.  from  top,  for  had  read  lost. 
"  222,     15  1.  from  foot,  for  one  or  two,  read  two  or  three. 
"  367,     1-6  1.  from  bottom,  and  p.  368,  lines  1-4  from  top,  for  00  read  oc. 
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Art.  L — Results  derived  from  an  eocaminaiion  of  the  United 
Slates  Weather  Maps  for  1872  and  1873 ;  by  Elias  Loomis, 
Professor  of  Natural  Philosophy  in  Yale  CoD^e.  With  two 
Plates. 

(Read  before  the  National  Academy  of  Sciences,  Washington,  April  24, 1874.) 

Through  the  kindness  of  Brigadier-General  Albert  J.  Myer, 
Chief  Signal  Officer,  U.  S.  A.,  I  have  received  a  weather  map 
for  7i  A.  M.  daily,  since  Jan.,  1872.     This  series  of  maps  for 
the  years  1872  and  1873  I  have  undertaken  to  discuss,  in  order 
toaetermine   what  information  can  be  derived  from  them 
respecting  the  laws  of  storms.     To  prepare  myself  for  this  dis- 
cussion, I  ordered  an  engraver  to  make  an  outline  map  of  the 
United  States  upon  exactly  the  same  scale  as  the  U.  S.  weather 
maps,  and  provided  myself  with  a  large  number  of  copies  of  this 
map.    On  one  of  these  maps  the  tracks  of  all  the  storms  for  the 
month  of  January  for  the  two  years  were  delineated,  whenever  a 
storm  center  could  be  satisfactorily  located  for  two  successive 
days.   In  like  manner,  the  storm  paths  for  the  month  of  February 
were  delineated  on  a  second  map,  and  so  on  for  each  of  the  montlis 
of  the  year.     These  maps  exhibited,  in  the  aggregate,  storm  paths 
for  314  days,  which  was  the  whole  number  of  cases  obtained 
from  the  two  years  of  observations.     These  results  were  then 
all  reduced  to  a  tabular  form  by  measuring  with  a  protractor 
the  bearing  of  each  storm  path  with  reference  to  a  meridian, 
and  measuring  the  daily  progress  of  the  storm  on  a  scale  of 
inches.     This  table  showed  the  date  of  each  storm,  together 
with  the  velocity  of  its  progress  and  the  direction  of  its  path, 
and  also  a  variety  of  other  circumstances  which  it  was  supposed 
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might  have  some  connection  with  the  preceding,  viz :  the 
height  of  the  barometer  at  the  center  of  the  storm ;  the  amount 
of  the  fall  of  the  barometer  in  the  preceding  24  hours;  the 
amount  of  the  rise  of  the  barometer  in  the  succeeding  24  hours; 
the  change  of  pressure  at  the  center  of  the  storm  in  24  hours,  etc. 
The  following  table  shows  the  average  direction  and  velocity 
of  storms  for  each  month  of  the  year,  as  deduced  from  814  cases. 


Months. 

Courte  of 
storm. 

Velocity  In 

miles  per 

hour. 

Months. 

Course  of 
storm. 

Velocity  in 

miles  per 

honr. 

January, 

February, 

March, 

April, 

May, 

June, 

N.  85**  B. 
N.  76    B. 
N.  79    B. 
N.  74    B. 
N.  78    B. 
N.  93    B. 

28-5 
310 
30-8 
26-6 
24-2 
21-2 

July, 

August, 

September, 

October, 

November, 

December, 

N.  102^*  B. 
N.    85  B. 
N.    78  R 
N.    69  B. 
N.    80  B. 
N.    84  K 

24-4 

17-7 
22-8 
24-4 
28-3 
27-6 

1 

Year, 

N.  82     B. 

25-6 

The  average  direction  of  the  storm  paths  for  two  years 
was  N.  82®  K,  or  8°  to  the  north  of  east,  and  the  average 
velocity  was  25*6  miles  per  hour;  but  there  is  a  noticeable  vari- 
ation both  in  the  direction  and  velocity,  depending  upon  the 
season  of  the  year.  The  course  of  storms  is  most  southerly  in 
summer,  and  it  is  a  little  less  northerly  in  winter  than  it  is  in 
spring  or  autumn.  July  is  the  month  in  which  the  course  is 
most  southerly,  and  October  is  the  month  in  which  it  is  most 
northerly,  the  mean  diflTerence  between  these  two  months 
amounting  to  33°.  The  velocity  of  progress  is  greatest  in  win- 
ter and  least  in  summer.  February  is  the  month  of  greatest 
velocity  and  August  the  month  of  least  velocity,  the  former 
exceeding  the  latter  by  75  per  cent 

The  diversity  in  the  direction  and  velocity  of  particular 
storms  is  much  greater  than  this.  In  one  instance,  viz :  Oct 
20,  1873,  a  storm  traveled  N.  44®  W.,  and  in  another  instance, 
Oct  25,  1872,  a  storm  traveled  about  due  north.  There  have 
been  ten  cases  in  which  the  direction  of  the  storm  path  was 
more  than  60°  north  of  east ;  and  there  have  been  three  cases 
in  which  the  direction  was  more  than  60°  south  of  east  In 
one  case  the  direction  of  a  storm  path  was  70°  south  of  east, 
showing  the  entire  range  in  the  direction  of  storm  paths  to  be 
over  180  degrees. 

The  diversity  in  respect  to  the  velocity  of  progress  of  partic- 
ular storms  is  still  greater.  In  some  cases,  a  storm  center  has 
remained  sensibly  stationary  for  24  hours,  and  occasionally  still 
longer,  while  in  four  cases  a  storm  center  has  advanced  over 
1,200  miles  in  24  hours,  and  in  one  case.  May  15,  1878,  the 
average  velocity  for  24  hours  amounted  to  57*5  miles  per  hour. 
Thus  the  velocity  of  progress  ranges  from  zero  to  57*5  miles 
per  hour. 
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These  results  are  derived  fix)m  observations  made  at  inter- 
vals pf  24  hours.  They  represent,  therefore,  not  the  actual  pro- 
gress of  storms  irom  hour  to  hour,  but  the  average  progress  for 
a  period  of  24  hours.  The  observations  made  under  the  direc- 
tion of  the  Chief  Signal  Officer  are  made  three  times  a  dav,  and 
enable  us  to  determine  the  change  of  position  of  a  storm  s  cen- 
ter for  every  period  of  eight  hours.  A  comparison  of  these 
observations  shows  much  greater  variations  in  respect  both  to 
the  direction  and  velocity  of  storm  paths  than  what  is  stated 
above.  Some  of  these  results  are  indicated  in  the  Annual 
Report  of  the  Chief  Signal  Officer  for  1873.  On  the  6th  of 
April,  1873,  the  path  of  a  storm  center  near  the  Mississippi 
River,  in  lat  40**,  was  such  as  is  shown  by  the  upper  curve  m 

the  annexed  cut ;  and  on  the  17th  of 
April  6, 1873.  ^       April,  1873,  the  path  of  a  storm  center 

near  Chicago  was  such  as  is  shown  by 
the  lower  curva  In  the  latter  case  the 
direction  of  progress  changed  360°  in 
a  little  more  that  24  hours,  and  in  both 
cases  the  actual  motion  of  the  center 
was  for  several  hours  westward,  at  the 
rate  of  from  10  to  15  miles  per  hour. 
If  then  we  take  into  account  the  actual 
April  17,  1873.  motion  of  a  storm's  center  from  hour  to 

hour,  we  find  that  the  storm  path  may 
have  every  possible  direction,  and  the  velocity  of  progress  may 
vary  from  16  miles  per  hour  toward  the  west,  to  60  miles  per 
hour  toward  the  east 

It  thus  appears  that  the  inequality  in  the  direction  and 
velocity  of  storm  paths  is  so  great  that  a  knowledge  of  their 
mean  values  affi^rds  but  a  very  uncertain  guide  in  predicting 
the  progress  of  a  storm  from  day  to  day.  I  have,  therefore, 
sought  to  determine  what  are  the  most  important  disturbing 
causes  which  aflFect  the  velocity  and  direction  of  storm  paths. 
For  this  purpose  I  have  tabulated  nearly  all  the  materials 
afforded  by  the  weather  maps,  and  compared  them  with  the 
velocity  and  direction  of  the  storm  paths. 

Influence  of  rain-faU  upon  the  course  of  storms. 

One  circumstance  which  appears  to  have  a  decided  influence 
in  modifying  the  course  of  a  storm  path  is  the  fall  of  rain. 
Every  considerable  depression  of  the  barometer  is  accompanied 
by  a  fell  of  rain,  and  the  area  of  rain-fall  usually  extends  fur- 
ther on  the  eastern  side  of  a  storm  center  than  it  does  on  the 
western  side.  The  accompanying  figure  represents  a  portion 
of  the  area  covered  by  a  storm  which  prevailed  April  25,  1874, 
near  the  Atlantic  coast  of  the  United  Statea     The  smallest  oval 
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on  the  left  represents  the  isobaric  line  of  29*60 ;  the  oval  imme- 
diately surrounding  it  is  the  isobaric  line  of  29*70 ;  and  the 
center  of  the  storm  was  near  the  center  of  these  two  ovak 
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The  third  and  largest  oval  represents  the  limits  of  the  rain  area 
as  far  as  can  be  determined  from  the  signal  service  observations. 
The  storm  center  advanced  in  the  direction  of  the  lonff  arrow. 
It  will  be  noticed  that  the  rain  area  extended  on  idl  sides 
around  the  storm  center,  but  spread  out  most  upon  the  eastern 
side.  The  same  is  generally  true  of  storms  wnich  pass  ov^ 
the  United  States. 

In  order  to  determine  whether  there  exists  any  connection  be- 
tween the  extent  of  this  rain  area  and  the  velocity  of  the  storm's 
progress,  the  rain-fisJl  at  each  station  for  the  precedfing  eight  hours 
was  copied  from  each  of  the  weather  maps  in  every  case  in  which 
the  storm  path  could  be  exactly  traced  for  the  next  24  hours: 
and  the  distance  to  which  the  rain  area  extended  to  the  east  of 
the  storm  center  was  measured  upon  the  map.  The  whole 
number  of  storm  paths  was  then  divided  into  four  equal  classes ; 
the  first  division  embracing  those  cases  in  which  the  storm 
advanced  with  the  greatest  velocity ;  the  second  and  third  divi- 
sions embracing  the  cases  next  in  order;  and  the  fourth  divi- 
sion embracing  the  cases  of  least  velocity.  The  following  are 
the  average  results  deduced  from  a  comparison  of  152  cases, 
being  all  the  cases  in  which  the  information  required  for  this 
investigation  could  be  derived  from  the  maps. 


Velocity  in 

mllee  per 

hoar. 

Extent  of  ndn 
area  in  mllee. 

Velocity  in 

mOeeper     Extent  of  rain 
taonr.        area  in  miles. 

38-8 
28-5 

590 
648 

21-6 
U-6 

503 
365 
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These  numbers  clearly  indicate  that  generally  when  a  storm 
s  advancing  most  rapidly,  the  rain  area  extends  to  an  unusual 
istance  on  the  eastern  side  of  the  storm,  and  the  velocity  of 
be  storm's  center  appears  to  increase  more  rapidly  than  the 
xtension  of  the  rain  area.  The  average  extent  of  the  rain 
rea  on  the  east  side  of  the  storm's  center  is  500  miles.  When 
be  rain  area  extends  more  than  600  miles  on  the  east,  the 
borm  advances  with  a  velocity  greater  than  the  mean;  but 
rhen  the  extent  of  the  rain  area  is  less  than  500  miles,  the 
term  advances  with  a  velocity  less  than  the  mean.  If  we  con- 
ne  the  comparison  to  the  two  divisions  which  correspond  to  the 
reatest  and  least  velocity,  they  lead  us  to  conclude  that  when  the 
astern  extent  of  the  rain  area  is  100  miles  greater  than  the  mean, 
he  hourly  velocity  of  the  storm's  progress  is  increased  14*9  miles ; 
ut  when  the  eastern  extent  of  the  rain  area  is  100  miles  less 
iian  the  mean,  the  hourly  velocity  of  the  storm's  progress  is 
iminished  8*1  miles. 

In  order  to  determine  the  influence  of  the  rain  area  upon  the 
irection  of  the  storm's  path,  I  attempted  to  determine  not  sim- 
Ij  the  limits  of  the  rain  area,  but  the  direction  in  which  the 
ftin  area  was  most  extended.  The  rain  area  is  usually  of  an 
val  form,  as  show  in  the  preceding  figure.     For  each  rain  area 

line  was  drawn  dividing  the  area  symmetrically,  so  as  to 
epresent  the  longer  axis  of  the  oval,  and  the  bearing  of  this 
ine  was  measured  with  a  protractor.  I  then  selected  those 
ases  in  which  the  direction  of  the  storm  paths  was  most  north- 
rly,  and  also  those  cases  in  which  the  direction  was  most 
outherly,  and  for  each  case  the  position  of  the  axis  of  the  rain 
•rea  was  determined.  I  then  determined  the  average  direction 
►f  the  storm  paths  and  the  average  direction  of  the  axes  of  the 
ain  areas  for  each  class  of  cases,  and  obtained  the  following 
esults. 

Conne  of  storm.  Azte  of  ndn  area. 

N.    40' B.  N.    63°  B. 

N.  116   E.  N.  118    E. 

Lcoording  to  these  numbers,  when  the  course  of  a  storm  is 
lost  northerly,  the  axis  of  the  rain  area  is  inclined  to  the 
term's  path  13**  toward  the  south ;  but  when  the  course  of  a 
term  is  most  southerly,  the  inclination  of  these  two  lines  is 
nly  two  degrees.  Considering  that  there  is  a  difference  of  76° 
1  the  me^n  direction  of  the  storm  paths  for  the  two  classes  of 
ases,  and  a  difference  of  65°  in  the  position  of  the  axes  of  the 
ain  areas,  we  may  conclude  that  the  average  course  of  the 
borm  paths  for  24  hours  coincides  very  closely  with  the  posi- 
ion  of  the  axis  of  the  rain  area  for  the  preceding  eight  hours, 
f  the  comparison  could  have  been  made  with  the  direction  of 
he  storm  paths  for  the  succeeding  eight  hours,  instead  of  24 
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hours,  it  is  presumed  that  the  correspondence  would  have  been 
still  closer. 

The  connection  here  discovered  between  the  progress  of  storms 
and  the  extent  of  the  rain  area  cannot  be  regardea  as  accidental, 
and  it  is  not  difficult  to  discover,  at  least  in  part,  the  origin  of 
this  connection.  The  fall  of  rain,  that  is,  the  precipitation  of 
the  vapor  of  the  atmosphere,  is  generallv  accompaniea  by  a  fall 
of  the  barometer.  According  to  the  theory  advocated  by  the 
late  Mr.  Espy,  when  the  vapor  of  the  atmosphere  is  condensed, 
its  latent  heat  is  liberated,  which  raises  the  temperature  of  the 
surrounding  air,  causing  it  to  expand  and  flow  off  laterally  in 
all  directions  in  the  upper  regions  of  the  atmosphere,  thus 
causing  a  diminished  pressure  over  the  region  of  precipitation, 
and  an  increased  pressure  on  all  sides  beyond  the  area  of  the 
rain. 

The  progress  of  the  storm  eastward  is  not  due  wholly  to  a 
drifting,  resulting  from  the  influence  of  an  upper  current  of  the 
atmosphere  from  the  west,  but  the  storm  works  its  own  way 
eastward  in  consequence  of  the  srreater  precipitation  on  the 
eastern  side  of  the  storm.  Thus  the  barometer  is  continually 
falling  on  the  east  side  of  the  storm  and  rising  on  the  west  side, 
in  consequence  of  the  flowing  in  of  colder  air  upon  that  side,  as 
will  be  more  fully  shown  on  a  subsequent  page. 

Influence  of  the  u>ind*s  velocity  upon  the  progre^  of  atorrM, 

In  order  to  determine  whether  there  is  any  connection  be- 
tween the  velocity  of  the  storm's  progress  and  the  velocity  of 
the  wind  upon  the  different  sides  of  a  storm,  I  selected  all  those 
cases  in  which  a  storm  center  was  so  situated  that  the  velocity 
of  the  wind  was  given  at  a  considerable  number  of  stations  both 
upon  the  east  and  west  sides  of  the  center.     I  then  took  two 
knitting  needles  and  soldered  them  together  at  right  angles  so 
as  to  form  a  Greek  cross.     Then  placing  this  cross  upon  one  of 
the  weather  maps  over  a  storm  center,  with  the  wires  point- 
ing northeast  and  southwest,  the  area  surrounding  the  storm 
center  was  divided  into  four  quadrants,  which  I  designate  as 
the  north,  south,  east  and  west  quadrants.     The  average  veloc- 
ity of  the  wind  for  the  stations  of  observation  in  the  different 
quadrants  was  then  determined,  including  all  stations  within  the 
influence  of  this  storm  center.     The  isobar  29*90  was  generally 
taken  as  the  limit  of  the  storm,  but  sometimes  it  was  necessary 
to   reject  observations  within   this   distance  when  they  were 
clearly  under  the  influence  of  another  storm  center.      Only 
79  cases  were  found  suitable  for  this  comparison.     In  each  of 
these  cases  the  average  velocity  of  the  wind  was  determined 
for  the  east  and  west  quadrants,  and  generally  also  for  the  south 
quadrant ;  but  in  a  majority  of  the  cases  no  observations  could 
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be  obtained  in  the  north  c[uadrant,  or  the  number  of  observa- 
tions was  too  few  to  furnish  a  reliable  mean.  The  following 
table  shows  the  average  velocity  of  the  wind  in  the  different 
quadrants,  according  to  these  observations. 

W.  qnwlnuit.      8.  qoadrftnt.      E.  Quadrant.      N.  Quadrant. 
101  8-8  8-3  7-6 

It  will  be  noticed  that  the  velocity  is  greatest  in  the  west 
quadrant,  and  that  the  velocity  diminishes  in  the  successive 
quailrants  as  we  pass  round  the  circle  from  west  by  south  to 
north. 

The  observations  were  then  divided  into  two  classes,  one 
containing  those  cases  in  which  the  rate  of  progress  of  the 
storm  was  greater  than  the  mean,  and  the  other  containing  the 
cases  in  which  the  rate  was  less  than  the  mean,  and  the  aver- 
ages were  taken  both  of  the  velocity  of  the  storm's  progress 
and  the  velocity  of  the  wind  in  the  east  and  west  quadrants  of 
the  storm,  when  the  following  results  were  obtainea 

Velocity  of  •tonn         Velocity  of  wind         Velocity  of  wind 
in  milet  per  hour.  in  B.  Quadrant.  in  W.  quadrant. 

321  8-8  90 

181  7-8  11-3 

These  numbers  indicate  that  the  stronger  the  wind  on  the 
west  side  of  the  storm,  the  less  is  the  velocity  of  the  storm's 
progress.  The  velocity  of  the  wind  in  the  west  quadrant  gen- 
erally exceeds  the  velocity  in  the  east  quadrant  by  22  per  cent. 
When  the  velocity  in  the  east  quadrant  is  equal  to  that  in  the 
west  quadrant,  the  velocity  of  the  storm's  progress  is  seven 
miles  per  hour  greater  than  the  mean ;  but  when  the  velocity 
of  the  wind  in  the  west  quadrant  exceeds  that  in  the  east  quad- 
rant by  44  per  cent,  the  velocity  of  the  storm's  progress  is 
seven  miles  per  hour  less  than  the  mean. 

Some  persons  might  have  anticipated  that  an  increase  in  the 
velocity  of  the  wind  in  the  western  quadrant  of  a  storm  would 
have  the  effect  of  driving  the  storm  eastward  more  rapidly ;  that 
is,  of  increasing  its  velocity.  But  we  shall  see  hereafter  that 
upon  each  side  of  a  storm's  center  the  wind.blows  obliquely  in- 
ward, and  hence  we  must  infer  that  in  the  central  region  of  the 
storm  there  is  an  upward  motion  of  the  air:  and  this  is  the 
cause  of  the  precipitation  of  vapor ;  that  is,  the  cause  of  the 
rain-falL  An  increase  in  the  velocity  of  the  wind  in  the  west- 
em  quadrant  is  accompanied  by  an  increase  in  the  velocity  of 
the  upward  motion  in  this  quadrant ;  that  is,  an  increase  of  pre- 
cipitation. This  increased  precipitation  of  vapor  tends  to  depress 
the  barometer  on  the  western  side  of  the  storm ;  that  is,  tends 
to  retard  the  eastward  motion  of  the  storm's  center ;  and  this 
cause  may  operate  with  sufficient  force  to  carry  the  storm's 
center  westward,  as  actually  happened  in  several  instances  in 
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the  years  1872  and  1873.  On  the  other  hand,  an  increase  in 
the  velocity  of  the  wind  in  the  eastern  quadrant  tends  to  pro- 
duce a  greater  precipitation  on  the  eastern  side  of  the  storm's 
center ;  that  is,  tends  to  push  the  storm's  center  eastward,  or 
increase  the  velocity  of  its  progress. 

Does  the  velocity  of  a  sUyrwHs  progress  depend  upon  the  rate  ai 
which  the  barometer  falls  when  die  storm  is  approaching^  or  npm 
the  rate  at  which  the  barometer  rises  when  the  storm  has  passed  1 

In  order  to  answer  these  questions,  I  compared  the  height  of 
the  barometer  at  the  center  of  each  storm  with  its  height  at  the 
same  place  24  hours  before,  and  also  24  hours  afterward.  I 
thus  obtained  the  fall  of  the  barometer  for  24  hours  before  the 
middle  of  the  storm,  and  its  rise  for  24  hours  after  the  middk 
These  numbers  were  incorporated  in  the  same  table  which 
showed  the  velocity  of  the  storm's  progress  for  each  montL 
The  observations  were  then  divided  mto  two  classes,  one  con- 
taining those  cases  in  which  the  velocity  of  the  storm's  pro- 
gress was  greater  than  the  mean,  and  the  other  containing^  tiiose 
cases  in  which  the  velocity  was  less  than  the  mean.  It  was 
found  that  the  average  fall  of  the  barometer  in  front  of  the 
storm  was  nearly  the  same  for  both  cases ;  but  the  average  rise 
of  the  barometer  for  24  hours  in  the  rear  of  the  storm  was  sen- 
sibly greatest  in  those  cases  when  the  velocity  of  progress  was 
greatest  The  averages  for  the  two  years  indicatea  that  when, 
after  the  center  of  the  storm  has  passed,  the  barometer  rises  20 
per  cent  more  rapidly  than  usual,  the  storm  center  advances 
seven  miles  per  hour  more  rapidly  than  the  mean ;  but  when, 
after  the  storm,  the  barometer  rises  20  per  cent  less  rapidly 
than  usual,  the  storm  center  advances  seven  miles  per  hour  less 
rapidly  than  the  mean. 

By  the  same  method  of  comparison  it  was  ascertained  that 
the  velocity  with  which  a  storm  advances  is  independent  of  the 
amount  of  the  barometric  depression  at  the  center  of  the  storm ; 
and  it  is  not  sensibly  affected  by  the  circumstance  whether  the 
pressure  at  the  center  of  the  storm  is  increasing  or  diminishing. 
By  the  aid  of  the  preceding  principles,  when  we  have  given 
a  weather  map  showing  the  position  of  a  storm  center  for  a  cer- 
tain hour,  it  seems  possible  to  predict  with  considerable  confi- 
dence where  the  storm  center  will  be  at  the  end  of  24  hours. 
Nevertheless,  it  is  admitted  that  while  the  preceding  principles 
hold  true  for  the  average  of  a  large  number  of  examples, 
numerous  and  striking  exceptions  will  be  found  when  we  at- 
tempt to  apply  these  rules  to  particular  cases.  It  is  evident 
that  the  movements  of  the  atmosphere  are  dependent  upon  a 
great  variety  of  circumstances,  ana  all  of  these  circumstances 
have  not  been  considered  in  the  preceding  deductions. 
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Rdaiion  between  the  veheUy  of  the  wind  and  the  velocity  of  a 

storm^e  progress. 

In  order  to  determine  the  relation  between  the  velocity  of  a 
storm's  progress  and  the  velocity  of  the  wind  in  the  different 
quadrants,  it  is  important  to  know  not  simply  the  wind's  veloc- 
ity at  the  surface  of  the  earth,  but  its  velocity  near  the  central 
r^on  of  the  storm,  which  is  presumed  to  be  at  an  elevation  of 
at  least  one  or  two  miles.  In  order  to  form  some  estimate  of  this 
velocity,  I  took  the  observations  at  the  signal  service  stations 
for  Sept,  1872,  which  have  been  published  complete  in  a  sep- 
arate volume,  and  determined  the  average  velocity  of  the  wind 
on  the  summit  of  Mount  Washington,  and  also  the  average  at 
the  three  nearest  stations  near  the  level  of  the  sea.  These  sta- 
tions were  Burlin^n,  Vt,  Montreal,  Can.,  and  Portland,  Me. 
The  average  velocity  of  the  wind  on  Mount  Washington  was  29 
mil^  per  hour;  the  average  at  the  three  other  stations  was  5 '3 
miles  ;  hence  we  conclude  that  the  ratio  of  the  wind's  velocity 
near  the  level  of  the  sea  to  its  velocity  on  the  summit  of  Mount 
Washington  is  as  one  to  5*5.  Now  the  average  velocity  of  the 
wind  at  stations  on  the  earth's  surface,  for  the  different  quad- 
rants of  the  storm,  has  been  found  to  be  101,  8*8,  83,  and 
7"6  miles  per  hour ;  hence  the  velocity  at  the  height  of  6,000 
feet  may  oe  estimated  to  be  55*6,  484,  45*6,  and  41*8  miles. 

We  wish  now  to  determine  the  average  direction  of  the  wind 
in  the  different  quadrants.  For  this  purpose,  each  weather 
map  which  showea  a  storm  center  was  crossed  by  two  diagonal 
lines  running  northeast  and  southwest,  marking  off  the  four 
quadrants.  Then,  beginning  with  the  west  quadrant,  I  counted 
tne  number  of  stations  at  which  the  wind  was  reported  from  the 
north ;  also  the  number  from  the  northwest,  west,  southwest, 
etc  ;  and  in  like  manner  for  each  of  the  four  quadrants.  The 
same  was  done  with  each  of  the  weather  maps,  which  furnished 
an  example  suited  to  this  comparison.  In  determining  the 
limits  of  each  storm,  the  same  rule  was  adopted  as  has  been 
already  stated  in  determining  the  velocities  of  the  winds.  I 
then  found  by  addition  the  aggregate  number  of  observations 
for  each  direction  of  the  wind  in  the  several  quadrants,  and 
from  these  numbers  computed  the  average  direction  of  the 
wind.  The  following  table  shows  the  resulting  directions  and 
also  the  velocities,  as  already  stated,  for  an  elevation  of  6,000  feet 

W.qaftdrant.         8.  quadrant.  B.  qaadrant.        K.  quadrant. 

Telocity  of  wind,  55-6  484  45-6  41*8 

DirecdOQ  of  wind,    N.  58"  48'  W.    8.  40^  25'  W.     S.  32^*  6'  B.     N.  42^*  33'  B. 

In  order  to  exhibit  palpably  to  the  eye  the  significance  of 
these  results,  I  have  constructed  the  following  figure,  in 
which  the  four  arrows  show  the  average  direction  of  the 
wind  in  the  several  quadrants,  and  the  lengths  of  the  arrows 
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are  proportioned  to  the  velocity  of  the  diflTerent  winds.  It  is 
at  once  perceived  that  there  is  a  strong  tendency  of  the  winds 
inward  toward  the  central  area  of  the  storm.  The  following 
table  shows  the  inclination  of  the  several  winds  to  a  tangent  to 
the  circle ;  that  is,  it  shows  how  much  the  average  direction  of 
the  wind  in  each  quadrant  diflTers  from  what  it  would  be  if  the 
wind  revolved  in  a  circle  around  the  storm's  center. 

W.QOAdrftnt.      8.  Qoadimnt.      X.  Qoadimnt.      K.  quadrant. 
Indiimtion,       68»  48'         49' 35'  33*6'  47' 27' 

The  average  departure  of 
the  winds  from  a  tangent 
line  is  thus    seen    to  be 
more  than  forty-Jive  degrees. 
These  numbers  show  how 
erroneous  was  Mr.    Bed- 
field's    theory  of    storms 
^  when  applied  to  the  ordin- 
ary storms  of  the  United 
States,  and  it  appears  that 
Mr.  Espy  was  nearer  the 
truth  when  he  claimed  for 
the  winds  a  centripetal  mo- 
tion   and    entirely    ove^ 
looked  the  rotary  motion, 
which  must  necessarily  result,  from  a  general  movement  of  the 
atmosphere  from  all  quarters  toward  a  central  area.    It  is  obvious 
that  the  centripetal  motion  is  the  primary  motion,  and  the  rota- 
tion is  an  effect  resulting  from  this  inward  motion.     It  requires 
no  argument  to  prove  that  when  the  wind  is  flowing  from  all 
quarters  inward  toward  a  central   area,  as  shown  in  the  last 
diagram,  there  is  a  rapid  accumulation  of  air,  which  can  only 
escape  by  an  upward  motion ;  that  is,  there  must  result  a  strong 
upward  movement  of  the  air  near  the  center  of  the  storm.     As 
this  air  ascends,  it  comes  into  a  region  which  is  colder  in  conse- 
quence of  its  elevation,  by  which  means  its  vapor  is  condensed, 
and  thus  bv  a  direct  comparison  of  observations  we  deduce  a 
result  whicn  explains  the  cause  of  the  rain. 

If  we  compute  the  resolved  portion  of  the  wind's  motion  in 
the  western  quadrant,  which  acts  in  the  same  direction  as  that 
of  the  average  progress  of  storms,  we  find  it  to  be  43  miles. 
But  the  average  progress  of  storms  is  only  25*6  miles ;  that  is, 
at  the  height  of  6,000  feet  in  the  western  quadrant  of  a  storm, 
the  velocity  of  the  wind  (estimated  in  the  same  direction  as  that 
of  the  storm's  progress)  is  68  per  cent  greater  than  the  velocity 
with  which  the  storm  advances.  This  excess  of  motion  of  the 
wind  affords  a  measure  of  the  force  of  the  upward  movement  in 
the  center  of  a  storm. 


M  Loomu — United  States  Weather  Maps,  11 

To  determine  lohether  a  storm  is  increasing  or  diminishing  in 

intensity. 

In  order  to  determine  by  what  indications  it  may  be  known 
whether  a  storm  is  increasing  or  diminishing  in  intensity,  that 
s,  whether  the  barometric  pressure  at  the  center  is  diminishing 
>r  increasing,  I  have  made  a  comparison  of  nearly  all  the  con- 
lomitant  phenomena  which  could  be  supposed  to  have  any 
nfluence  upon  the  result,  and  find  the  following  rule  to  be 
?ell-nigh  universal :  when  the  barometer  rises  more  rapidly  than 
isual  as  the  storm  passes  by,  the  pressure  at  the  center  of  the 
itorm  is  increasing ;  but  wnen,  in  the  rear  of  the  storm,  the 
Murometer  rises  less  rapidly  than  usual,  the  pressure  at  the  center 
s  diminishing,  or  the  storm  is  increasing  in  intensity.  A  com- 
)arison  of  all  the  observations  of  two  years  indicates  that  when 
he  rise  of  the  barometer  is  22  per  cent  greater  than  usual,  the 
>ressure  at  the  center  of  the  storm  increases  one-tenth  of  an 
nch  in  24  hours ;  and  when  the  rise  of  the  barometer  is  22  per 
5ent  less  than  usual,  the  pressure  at  the  center  decreases  one- 
enth  of  an  inch  in  24  hours.  We  thus  see  that  a  sudden  rise 
)f  the  barometer  in  the  rear  of  a  storm  is  usually  followed  by 
.wo  diflFerent  effects :  the  storm  center  advances  more  rapidly 
;han  usual,  and  the  pressure  at  the  center  is  diminisning. 
^metimes  one  of  these  effects  predominates,  and  sometimes 
ihe  other ;  but  generally,  when  the  storm  center  is  advancing 
irith  the  greatest  rapidity,  the  pressure  of  the  center  of  the  storm 
8  decreasing,  and  when  the  storm's  center  is  nearly  stationary, 
;he  pressure  at  the  center  remains  nearly  stationary. 

The  rate  at  which  the  barometer  falls  in  front  of  a  storm 
tppears  to  have  very  little  influence  upon  the  question  whether 
he  pressure  at  the  center  is  increasing  or  diminishing. 

The  average  of  two  years'  observations  indicates  that  when  the 
rinds  on  .the  eastern  side  of  the  storm's  center  are  very  much 
tronger  than  those  on  the  western  side,  the  pressure  at  the  center 
>f  the  storm  is  increasing;  but  when  the  winds  on  the  western 
lide  are  very  much  stronger  than  those  on  the  eastern  side,  the 
)Pessure  at  the  center  of  the  storm  is  decreasing.  This  rule  is, 
lowever,  subject  to  numerous  exceptions. 

Form  of  the  isobaric  curves. 

In  order  to  determine  the  average  form  of  the  isobaric  curves, 
nd  the  position  of  their  longer  axes,  I  selected  all  those  cases 
D  which  the  center  of  a  storm  was  distinctly  indicated  upon 
►ne  of  the  weather  maps,  and  in  which  at  least  one  isobaric 
larve  was  shown  for  not  less  than  one-half  of  the  circuit.  The 
mmber  of  cases  found  suitable  for  this  kind  of  comparison 
?as  203.  Of  these,  nearly  one-half  were  so  situated  that  only 
lalf  of  one  of  the  axes  could  be  measured.     These  were  gener- 
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ally  cases  in  which  the  center  of  the  storm  was  near  the  north- 
ern boundary  of  the  United  States,  and  the  isobaric  curve  was 
incomplete  on  the  northern  side  for  want  of  observations.  In 
nearly  half  the  cases,  the  isobaric  curve  selected  for  measurement 
was  the  lowest  isobar  shown  on  the  maps ;  but  whenever  there 
was  a  larger  curve  traced  for  at  least  one-half  of  its  circuit,  the 
latter  curve  was  taken  in  preference.  A  line  was  then  drawn  to 
represent  the  longer  axis  of  this  curve,  and  the  length  of  this 
line  was  measured;  or  when  the  curve  was  incomplete  the 
length  of  half  of  this  line  was  measured.  The  length  of  the 
line  drawn  through  the  center  of  the  isobaric  oval  at  right 
angles  to  its  longer  axis  was  also  measured,  and  the  direction 
of  the  longer  axis  was  determined  by  a  protractor.  The  result 
of  these  comparisons  was  as  follows : 

In  65  per  cent  of  the  whole  number  of  cases,  the  major  axis 
of  the  isobar  exceeded  the  minor  axis  by  one-half  of  its  whole 
length.  In  30  per  cent  of  the  cases,  the  major  axis  was  more 
than  double  the  minor  axis ;  in  nine  per  cent  of  the  cases,  the 
major  axis  was  more  than  three  times  the  minor  axis :  and  in 
four  per  cent  of  the  cases,  the  major  axis  was  at  least  four  times 
the  minor  axis. 

These  results  appear  to  me  to  prove  that  the  centrifugal 
force  arising  from  the  circulation  of  the  wind  around  the  storm 
center  cannot  be  the  principal  cause  of  the  fiiU  of  the  barome- 
ter, for  otherwise  the  shape  of  the  storm  would  be  more  nearly 
circular. 

With  regard  to  the  direction  of  the  major  axis  of  the  isobars 
there  is  no  uniformity.     The  major  axis  may  have  any  position 
whatever ;  but  the  direction  which  is  decidedly  more  frequent 
than  any  other  is  about  N.  40*^  E.     It  will  be  readily  perceived 
that  this  direction  is  almost  identical  with  the  general  course 
of  the  Atlantic  Coast,  and  also  with  the  range  of  the  Alleghany 
Mountains ;  and  it  might  be  supposed  that  one  or  both  of  these 
circumstances  had  some  influence  in  determining  the  position 
of  the  isobaric  curves.     In  order  to  decide  this  question,  I 
divided  the  observations  into  two  classes  by  a  line  drawn  from 
Buifalo  to  Mobile;   one  class  representing  the  storms  of  the 
Mississippi  Valley,  and  the  other  representing  the  storms  of  the 
Atlantic  Coast,  and  found  the  results  in  the  two  cases  nearly 
identical     The  easterly  inclination  of  the  storm  axes  is  quite 
as  decided  in  the  Mississippi  Valley  as  upon  the  Atlantic  Coast 
It  may,   therefore,  be  reasonably  inferred  that  not  only  the 
elongated  form  of  storms,  but  also  the  prevailing  direction  of 
their  longer  axes,  is  mainly  dependent  upon  general,  and  not 
upon  local  causes. 
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Class\fiecUion  of  Storms. 

The  storms  which  pass  over  the  United  States  seem  to  be 
naturally  divided  into  two  distinct  classes ;  the  first  class  in- 
cluding those  storms  which  come  from  the  far  west  and  north- 
west, the  center  of  whose  paths  is  generally  north  of  lat  40° ; 
and  the  second  class  includmg  those  storms  which  come  from 
the  south  and  south  west,  and  which  generally  appear  to  origi- 
nate in  Texas  or  the  Gulf  of  Mexico.  Storms  of  the  second 
class  are  comparatively  infrequent,  forming  only  about  one- 
sixth  of  the  whole  nximber  of  storms.  They  are  almost  un- 
known in  the  summer  months,  and  are  most  frequent  in  the 
winter  and  spring.  The  majority  of  them  have  their  origin 
west  of  the  mouth  of  the  Mississippi  Eiver,  and  their  average 
course  is  N.  60®  E.,  being  22®  more  northerly  than  the  general 
average  of  storms,  which  would  show  the  average  direction  of 
storms  of  the  first  class  to  be  nearly  due  east  The  average  velocity 
of  these  storms  does  not  differ  much  from  that  of  storms  of  the 
first  class.  The  majority  of  storms  of  the  second  class  reach  the 
Atlantic  Coast  before  arriving  at  lat  40® ;  and  from  thence  their 
paths  generally  appear  to  be  nearly  parallel  to  the  coast  One 
of  these  storms  (Oct  25,  1872)  was  diverted  inland,  and  ad- 
vanced northward  nearlv  to  Rochester,  after  which  it  turned 
eastward  in  the  direction  of  Halifax.  Another  storm  (Oct 
19,  1873),  after  passing  near  Cape  May,  was  diverted  north- 
westward as  far  as  Mackinac,  after  which  it  turned  again  to  the 
northeast  But  these  were  rare  exceptions  to  a  very  general 
rule.  Nearly  all  the  storms  of  this  class,  as  soon  astney  reach 
the  Atlantic,  appear  to  advance  northeastward  in  a  direction 
nearly  parallel  to  the  coast 

Storms  of  the  second  class  comprehend  those  violent  move- 
ments which  are  commonly  called  cyclones.  One  of  these  passed 
over  Punta  Bassa,  in  Florida,  Oct  6,  1873,  where  the  barometer 
in  14  hours  fell  from  29*96  to  28'40,  and  afterward  the  storm 
continued  its  course  with  diminished  severity,  traveling  north- 
eastward nearly  parallel  to  the  Atlantic  Coast 

The  approach  of  storms  of  the  first  class  is  usually  indicated 
upon  the  weather  maps  by  the  word  low,  at  some  point  west 
01  the  Mississippi  Eiver  north  of  lat  40°,  generally  in  Minnesota 
or  Nebraska.  Frequently  we  find  the  word  low  on  the  maps  of 
two  or  three  successive  days,  occupying  nearly  the  same  posi- 
tion, indicating  either  that  the  center  of  the  storm  was  nearly 
stationary  for  24  hours,  or  that  the  precise  position  of  the 
storm's  center  was  undetermined,  and  it  could  only  be  located  at 
some  distance  westward.  When  the  storm  has  advanced  so  far 
eastward  that  the  exact  position  of  its  center  can  be  assigned, 
it  generally  manifests  a  decided  preference  for  the  region  of  the 
northern  lakes,  particularly  Lakes  Superior  and  Huron  ;  and 
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from  this  region  the  average  course  of  storms  is  almost  exactly 
east 

Where  do  the  storms  which  seem  to  come  from  the  far  west 

originate  f 

On  the  U.  S.  weather  maps  the  isobaric  lines  are  seldom  ex- 
tended westward  beyond  the  meridian  of  twenty  degrees  west 
of  Washington.  According  to  these  maps,  about  three-quarteis 
of  all  our  storms  seem  to  originate  in  the  neighborhood  of  Ne- 
braska. In  order  to  determine  whether  such  is  really  their 
place  of  origin,  I  have  taken  the  volume  of  signal  service  obser 
vations  for  Sept,  1872,  and  projected  all  the  barometric  obser- 
vations in  curves,  arranging  the  stations  in  the  order  of  longi- 
tude. From  a  comparison  of  these  curves  it  appears  that  for 
the  month  of  September,  1872,  all  the  principal  oscillations  of 
the  barometer  at  Portland,  Oregon,  can  be  traced  at  Fort  Ben- 
ton, Virginia  City,  Fort  Sully,  and  at  each  of  the  other  stations 
extending  eastward  to  Lake  Superior  and  Lake  Michigan.  In 
order  to  exhibit  this  fact  more  clearly,  I  have  taken  particalar 
cases,  and  have  drawn  certain  isobaric  curves  for  several  suc- 
cessive days.  Plate  I  shows  the  isobaric  curve  of  29*8  for  three 
successive  days.  On  the  19th  of  September  a  slight  fall  of  the 
barometer  was  observed  in  Montana,  probably  the  result  of  a 
fall  of  rain  on  some  of  the  mountains  of  that  region.  No  rain 
was  reported  on  that  day  from  any  of  the  signal  service  stations, 
but  the  weather  was  reported  "threatening"  at  Fort  Benton  and 
Corinne,  and  "  cloudy  at  Virginia  City,  Cheyenne,  etc.  The 
first  curve  on  the  left  shows  me  isobar  29*8  for  7^  a.  M.,  Sept 
19th.  The  second  oval  shows  the  isobar  29*8  for  7^  A.  M.,  Sept 
20th.  On  this  day  slight  rain  fell  at  Cheyenne ;  the  weather  was 
reported  "threatening"  at  Denver,  Omaha  and  Leavenworth; 
and  "  cloudy"  at  Breckenrid^e,  Fort  Sully,  St  Paul,  etc  The 
oval  on  the  right  shows  the  isobar  29*8  for  7^  A.  M.,  Sept  2l8t 
On  this  day,  half  an  inch  of  rain  was  reported  at  Duluth,  f  inch 
at  Marquette,  and  slight  rain  at  a  few  other  stations  near  Lake 
Michigan.  In  two  da^s  the  center  of  these  isobars  traveled 
eastward  about  980  miles,  or  at  an  average  rate  of  20  miles  per 
hour.  The  next  day  the  storm  advanced  toward  the  northeast, 
and  passed  beyond  the  range  of  our  stations  of  observation. 

About  three  days  later,  another  and  more  considerable  de- 
pression of  the  barometer  followed  nearly  in  the  track  of  the 
Preceding.  Plate  II  exhibits  the  isobar  29*7  for  four  successive 
ays.  On  the  22d  of  Sept  a  considerable  fall  of  the  barometer 
was  observed  from  Oregon  to  Dacota.  At  7^  A.  M.  the  isobar 
of  29'7  was  an  oval  extending  westward  nearly  to  the  Pacific 
Ocean,  and  eastward  to  the  Missouri  River,  a  distance  of  about 
1100  miles.  On  the  same  day  "heavy  rain"  was  reported  at 
Portland,  Oregon ;  at  Fort  Benton  over  a  foot  of  snow  fell  on 
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he  22d  and  23d ;  snow  and  rain  fell  at  Virginia  Citv ;  and  it 
iras  cloudy  at  Corinne,  Fort  Sully,  eta  The  second  oval  on 
^late  II  shows  the  isobar  29*7  at  7i  A.  M.,  Sept.  23d.  On  this 
lay  rain  or  snow  fell  at  Fort  Benton,  Virginia  City,  Cheyenne, 
i'ort  Sully,  Breckenridge,  and  several  places  further  east  The 
bird  oval  shows  the  isobar  of  29*7  at  7^  A.  M.,  Sept.  24th.  The 
Dnger  axis  of  this  oval,  instead  of  being  turned  east  and  west 
s  on  the  two  preceding  days,  was  now  turned  nearly  northeast 
oward  Lake  Superior.  ITear  the  center  of  this  oval  the  bar- 
meter  stood  at  29.36.  On  this  day  over  half  an  inch  of  rain 
ell  at  St  Louis,  Cairo,  Davenport  and  Duluth,  and  a  less 
.mount  at  other  places. 

On  the  morning  of  Sept  25th,  the  center  of  the  isobar  29*7 
vas  nearly  over  the  middle  of  Lake  Superior.  On  the  north, 
his  isobar  extended  beyond  the  range  of  our  observations,  so 
hat  only  the  southern  portion  of  the  curve  could  be  definitely 
ocated.  At  Duluth  the  barometer  stood  at  29*38.  On  this 
lay  considerable  rain  fell  at  Duluth,  Escanaba,  Oswego,  Kings- 
on,  etc.  During  the  next  24  hours  the  center  of  tnis  storm 
«mained  nearly  stationary  over  Lake  Superior,  but  on  the  fol- 
owing  day  it  advanced  northeastward,  and  passed  beyond  the 
ange  of  our  observationa  In  three  days  the  center  of  the  storm 
raveled  eastward  about  1280  miles,  being  at  an  average  rate  of 
18  miles  per  hour. 

It  seems  probable  that  this  storm  originated,  or  at  least  was 
irst  developed  into  a  storm  of  considerable  magnitude,  through 
he  collision  of  moist  air  from  the  Pacific  Ocean  with  some  of  the 
ligh  mountain  peaks  in  Oregon,  resulting  in  a  heavy  fall  of  rain 
)r  snow.  The  fact  which  is  of  special  interest  is  that  this  storm 
when  once  organized,  traveled  over  all  the  mountain  ranges  be- 
iween  the  Pacific  Ocean  and  Lake  Superior  without  sensible 
)b6truction.  The  same  fact  is  noticeable  in  the  storm  of  Sept 
L9-22d,  and  several  other  storms  of  the  same  month.  We  hence 
nfer  that  those  storms  which  come  to  us  from  Nebraska  some- 
imes  originate  in  the  mountains  of  Oregon,  and  probably  some- 
imes  come  from  the  Pacific  Ocean,  whence  they  travel  east- 
ward, occasionally  passing  entirely  across  the  continent  to  the 
Atlantic  Ocean. 

The  reductions  described  in  the  preceding  article  have  all 
)een  made  under  ray  direction,  but  the  chief  labor  has  been 
)erformed  by  Mr.  Edward  S.  Cowles,  a  graduate  of  Yale  Col- 
ege  of  ihe  class  of  1873. 
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Abt  II. — Preparation  of  Photographic  Dry-PlatcJt  by  Daylight, 
by  desensitizing  and  re-sensitizing  the  silver  compounds;  by 
Prof.  C.  F  HiMEB,  Ph.D.,  Dickinson  College,  Cariisle,  Pa. 

The  inconveniences,  and  the  unpleasant,  prolonged  confine- 
ment in  the  dark  room,  connected  with  the  preparation  of 
photographic  dry-plates  have,  perhaps,  done  more  to  render 
their  employment  uninviting  than  any  feeling  of  uncertainty 
as  to  the  results  with  them,  although  in  many  cases  they  are  a 
matter  of  necessity  rather  than  of  convenienca  Among  the  re- 
sults of  a  series  of  experiments  on  the  desensitizing  and  re- 
sensitizing  of  the  haloid  salts  of  silver,  published  several  years 
ago,  a  decided  simplification  of  the  method  for  the  prepara- 
tion of  dry -plates,  more  particularly  by  the  tannin  process, 
was  obtained,  which  was  adopted  in  the  commercial  preparation 
of  dry-plates,  and  by  some  individuals.  Its  apparent  conflict, 
however,  with  what  might  almost  be  termed  photographic  in- 
stincts, has  doubtless  prevented  its  more  general  adoption. 
Some  recent  experiments  indicating  the  direction  for  further 
improvement,  and  the  recent  publication  of  a  process  by  Krone, 
embodying,  in  a  measure,  a  similar  principle  proposed  to  be 
employed  in  photographing  the  transit  of  Venus,  render  far- 
ther allusion  to  it  at  this  time  in  placa  Glass  plates  coated 
with  ordinary  bromo-iodized  negative  collodion  are  sensitized 
in  the  usual  argentic  nitrate  bath,  in  bright  daylight,  and  are 
then  thoroughly  rinsed,  or  washed,  in  a  tra^  of  distilled  water 
to  remove  tne  larger  portion  of  the  adhering  silver  solution. 
Any  effect  of  the  lignt  upon  them  during  these  operations 
is  removed  at  once,  and,  as  far  at  least  as  practical  photography 
is  concerned,  entirely,  by  flowing  them  once  or  twice  with 
about  a  five  per  cent,  or  even  weaker,  solution  of  potassic  iodide, 
or  bromide ;  or  the  removal  of  the  effect  of  lignt,  or  at  least 
of  any  developable  effect,  can  be  just  as  effectually  accom- 

Elished  by  simplv  rinsinc  the  plates  well,  on  their  remoyal 
•om  the  silver  oath,  and  exposing  them  to  the  prolonged 
action,  say  for  several  hours,  of  direct  sunlight,  or  bright  aif- 
fused  daylight  Plates  in  this  condition,  insensitive  to  light, 
are  simply  allowed  to  dry,  and  can  then  be  kept  indefinitely, 
and  are  again  rendered  sensitive  to  light,  in  a  few  minutes,  by 
immersing  them,  in  the  dark,  in  a  solution  of  tannin  of  16 
grains  to  the  ounce  of  water,  or  by  flowing  such  a  solution 
back  and  forth  over  them  for  half  a  minute,  after  they  have 
been  moistened  with  distilled  water.  Being  then  dried  they 
will  retain  their  sensitiveness  unimpaired  for  months,  and,  the 
writer  has  reason  to  believe,  for  years.  The  time  of  the  expo- 
sure in  the  camera,  as  well  as  of  development  with  the  pyro- 
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lie  acid  developer,  is  about  the  same  as  that  of  ordinary 
nin  plates,  whilst  the  results  are  perhaps  more  certain,  and 
negatives  cleaner. 

I?he  principal  advantages  of  the  preceding  method  lie  in  the 
iplete  division  of  the  operationa  The  plates  can  be  brought 
tne  tanninizing  stage  leisurely,  and  comfortably,  at  any 
e,  in  an  ordinary  well-lighted  and  well-ventilated  room ;  and 

confinement  to  the  dark  room,  with  its  damp  and  unhealthy 
losphere,  when  all  the  operations  are  conducted  in  it  at  the 
le  time,  is  thus  reduced  to  a  minimum,  since  the  tannin- 
ig  of  a  dozen  plates  will  require  but  a  few  minutes  at  night 
3  washing  of  the  plates  is  also  not  only  accomplished  with 
;  trouble,  but  more  perfectly,  and  the  possibility  of  acci- 
ital  stains,  so  great  when  solutions  of  such  photographic  in- 
ipatibles  as  argentic  nitrate  and  tannin  must  be  used  in 
jc  succession,  is  entirely  eliminated. 

)ther  substances,  as  different  soluble  haloid  salts,  may  be 
ployed  to  desensitize  the  plates,  and  other  sensitizing  agents 
y  iJe  employed,  a  solution  of  argentic  nitrate  being  in  many 
pects  the  best     The  sensitizer  may  also  be  applied  before 

plate  has  been  allowed  to  dry ;  the  exposure  in  the  camera 
y  also  be  made  whilst  it  is  yet  wet ;  and  in  the  latter  case 

time  required  for  both  exposure  and  development  is  less ; 
;  attempts  to  reduce  it  to  that  required  for  ordinary  wet 
tes,  and  thus  to  obviate  the  necessity  for  a  dipping  bath  of 
entdc  nitrate  in  field  photography,  were  not  successful. 
periments  upon  dried  desensitized  plates,  by  "fuming" 
m  with  ammonia,  as  in  the  ordinary  paper  printing  process, 
>w  that  it  possesses  a  decided  sensitizing  effect,  but  that  the 
free  is  dependent  on  a  proper  regulation  of  the  time  of 
aing,  since  portions  of  the  same  plate  exposed  for  different 
gtfas  of  time  to  its  action  manifested  differences  in  sensitive- 
B  under  development  with  the  pyrogallic  acid  developer, 
er  exposure  in  the  camera ;  and  those  fumed  for  the  longest 
ie,  as  well  as  those  for  the  shortest  time,  were  less  sensitive 
.n  those  acted  on  for  an  intermediate  length  of  time.  In 
J  process  recently  suggested  bjr  Krone,  the  operations  are 
0  conducted  in  da^lignt,  the  effect  of  which  is  prevented  in- 
Eul  of  removed.  This  is  accomplished  by  taking  advantage 
the  well  known  fact,  that  argentic  iodide,  formed  in  the 
isence  of  excess  of  potassic  iodide,  is  insensitive  to  light, 
t  may  be  rendered  sensitive.  The  plates  are  coated  with  a 
lodion  containing  argentic  nitrate,  and  immersed  in  a  bath 
potassic  iodide,  or  in  some  cases  of  potassic  iodide  and 
»mide,  and  are  then  washed,  and  dried,  and  subsequently 
isitized  with  argentic  nitrate  solution.  Organic  matter  is 
led  to  all  the  solutions,  including  the  collodion,  in  the  form 

M.  JoiTR.  8ci.— Thibd  Series,  Vol.  VIII,  No.  43.— July,  1874. 

2 


18  «/.  Trowbridge — Molecular  Change  produced  by 

of  an  alcoholic  eolation  of  shellac  and  sandarach,  and  this  may 
play  a  very  important  part  in  the  process.  Unless,  however, 
the  results  obtained  are  superior  in  rapidity,  or  quality,  the  in- 
convenience, involved  in  the  preparation  of  special  collodion 
and  special  baths,  will  prevent  its  replacing  the  former  method, 
in  which  all  the  solutions  employed  are  such  as  are  in  common 
use.  The  employment  of  argentic  iodide  alone  is  suggested 
for  photographing  the  transit  of  Venus,  and  it  is  also  stated 
that  with  bromo-iodized  films,  it  is  necessary  to  protect  them 
from  the  light,  even  before  sensitizing  them,  on  account  of  the 
effect  of  light  on  the  argentic  bromide.  The  writer  in  his  firet 
experiments  also  confined  himself  to  the  use  of  iodized  col- 
loaion  and  potassic  iodide,  for  a  similar  reason,  but  was 
subsequently  convinced  by  numerous  experiments,  that  this 
direct,  or  photo-chemical,  action  of  light  on  argentic  bromide, 
when  a  bromo-iodized  collodion  is  employed,  as  shown  in  the 
bluish  cast  of  the  film,  is  also  either  entirely  removed  in  the 
subsequent  desensitizing,  or  plays  no  part  in  the  subsequent 
development,  and  is  too  feeble  of  itself,  if  it  is  not  entirely 
removed  in  fixing,  to  merit  practical  consideration.  Neither 
was  it  found  necessary  to  prolong  the  immersion  of  plates  in 
the  silver  bath  when  coated  with  a  collodion  containing  a 
bromide,   as   it  seems  it  is  necessary  in  Krone^s  process  to 

f)rolong  the  immersion  of  plates  coated  with  the  silver  col- 
odion,  when  the  bath  contains  potassic  bromide  with  the 
iodida 


Abt.  HL — Brief  Oontrtbutions  from  the  Physical  Laboratory  of 
.  Harvard  College,    No.  IX. — On  a  Molecular  Change  produced  hy 
the  passage  of  Electrical  Currents  through  Iron  and  Steel  bars; 
by  John  Tbowbridge. 

In  the  following  experiments  the  magnetism  induced  in  soft 
iron  and  in  steel  bars  is  employed  to  show  the  molecular  change 
produced  by  the  instantaneous  passage  of  electrical  currents 
m  an  axial  direction.     The  apparatus  employed  was  the  follow- 
ing :  Two  coils,  B  and  C,  of  thick  copper  wire  12  cm.  long,  9 
cm.  in  diameter,  were  connected  with  the  poles  of  a  Danieirs 
celL     The  soft  iron  or  steel  bars,  2  meters  in  length,  12  mm.  in 
diameter,  were  introduced  as  cores  into  one  of  the  coils,  B.     A 
coil.  A,  of  fine  copper  wire  was  slipped  upon  the  core  to  a  dis- 
tance of  25  cm.  from  the  face  of  the  magnetizing  helix  B.     This 
coil  of  fine  wire  was  connected  with  a  Thomson's  reflecting  gal- 
vanometer.   The  second  magnetizing  helix  of  coarse  wire,  C,  was 
so  arranged  that  its  action  neutralized  the  inducing  effect  of  the 
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electric  cunrent  circulating  through  the  helix  B.  When  the 
circuit)  therefore,  was  made  through  B  and  C,  an  induced  cur- 
rent oassed  through  the  helix  A  and  the  galvanometer,  which 
was  aue  to  the  magnetism  of  the  core  at  the  distance  of  25  cm. 
from  the  face  of  the  helix  B.     The  iron  core  was  then  made  a 


portion  of  an  independent  electrical  current  Thus  it  was  pos- 
sihle  to  magnetize  the  iron  core  by  the  helix  B,  and  to  send  a 
current  through  it  in  the  axial  direction  by  the  independent 
circuit  We  shall  call  the  magnetizing  circuit  circuit  a,  and 
the  axial  circuit  circuit  ytf. 

The  circuit  a  was  first  made  and  the  deflection  of  the  gal- 
vanometer noted ;  it  was  then  broken.  The  following  tsMe 
shows  the  results  obtained :  d,  represents  the  deflection  pro- 
duced by  the  magnetism  of  the  bar,  6\  after  the  circuit  fi  was 
made,  tf",  after  the  breaking  of  the  circuit  A  Two  Grove  cells 
were  used  upon  the  circuit  fi. 


Table  I. 

6 

6' 

6" 

no 

160 

166 

no 

146 

150 

no 

150 

166 

no 

IfiO 

166 

This  table  shows  that  the  instantaneous  passage  of  the  axial 
current  through  the  iron  bar  gave  rise  to  an  increase  in  its 
magnetism.  This  phenomenon  was  apparent  both  at  making 
and  breaking  the  axial  circuit  The  increase  of  magnetism 
was  greater  on  the  breaking  of  the  circuit  fi  than  on  the  making. 
This  increase  of  magnetism  disappeared  on  the  second  making 
of  the  magnetizing  circuit  a. 

The  magnetism  of  the  core  was  then  reversed,  and  tlie  same 
effects  were  noted.  An  instantaneous  passage  of  the  axial  cur- 
rent ft  was  sufficient  to  produce  the  increase  of  magnetism. 
The  following  table  shows  the  effects  produced  by  allowing 
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the  axial  current  y^  to  be  made  permanently.  D  and  D'  repre- 
sent the  deflections  produced  by  repeatedly  breaking  the  mag- 
netizing circuit  ct. 

Table  IL 

6  y  D.  jy. 

90  120  90  90 

90  120  90  90 

90  120  90  90 

90  120  90  90 

It  will  be  seen  that  the  same  effects  were  produced  as  on  in- 
stantaneously making  and  breaking;  there  was  no  increase  or 
diminution  noticeable.  Table  III  shows  the  eflfect  of  rapidly 
reversing  the  current  p  through  the  iron  bar. 


Table  III. 

6 

Current  in  one  direction. 

Current  in  two  diroctioDS. 

120 

190 

240 

120 

180 

230 

120 

190 

240 

120 

190 

240 

In  all  cases  the  rapid  reversal  of  the  current  through  the  iron 
bar  produced  a  momentary  increase  of  magnetism,  which  dis 
appeared  on  the  magnetization  of  the  core  by  the  circuit  a. 

Experiments  were  then  made  upon  the  permanence  of  the 
effect  of  the  instantaneous  passage  of  an  electrical  current 
through  an  iron  bar.  Observations  were  taken  at  periods  of 
three  nours  after  the  passage  of  the  current  through  the  iron. 
The  results  are  embodied  in  Table  IV. 


Table  IV. 

6 

6' 

D. 

160 

190 

160 

160 

180 

150 

137 

167 

137 

Allowance  having  been  made  for  variations  in  the  batteries 
used,  it  was  found  that  the  iron  bar  maintained  the  molecular 
state  imparted  to  it  by  the  axial  current  during  the  period  of 
observation,  viz :  three  hours. 

Table  V.  shows  the  effect  upon  a  steel  bar  of  the  same  dimen- 
sions as  the  soft  iron  bar  previously  used.  The  conditions  of 
the  experiments  were  the  same. 

Table  V. 


6 

A' 

D. 

160 

180 

160 

160 

186 

160 

160 

180 

160 

160 

184 

160 
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The  increased  effect  is  less  marked  in  steel  than  in   iron. 

The  following  table  shows  the  effect  of  rapid  reversals  of  the 

current 

Table  YI. 

6  6'  D. 

160  180  190 

lt50  180  190 

160  185  189 

160  180  190 

It  will  be  seen  that  the  effects  in  this  case  are  much  less  than 
in  the  case  of  soft  iron.  The  current  was  passed  through  differ- 
ent portions  of  the  iron  bar  outside  of  the  portion  covered  by  the 
helix  A,  which  was  connected  with  the  galvanometer,  but  no 
effect  was  produced.  The  effect  of  heating  the  iron  bar  by  the 
passage  of  the  axial  current  p  was  infinitesimal  on  account  of 
the  large  size  of  the  bar  and  the  instantaneous  duration  of  the 
current 

The  conclusions  from  the  foregoing  experiments  appear  to 
be  as  follows : 

1.  The  passage  of  an  electric  current  through  an  iron  or  steel 
bar  produces  a  molecular  change  in  it,  which  is  apparent  both 
at  tne  closing  and  breaking  of  the  circuit 

2.  The  rapid  change  of  direction  of  a  current  through  iron  or 
steel  bars  produces  a  molecular  disturbance  which  is  greater 
than  that  imparted  by  a  current  sent  in  one  direction  alone. 

8.  Magnetization  of  the  iron  or  steel  bar  is  sufficient  to 
restore  it  to  the  normal  magnetic  state  which  is  imparted  by 
the  magnetizing  helix. 

4.  The  molecular  action  increases  with  the  strength  of  the 
electric  current 


No.  X. — Magnetism  of  Soft  Iron  ;  by  Da  VXD  Sears. 

The  Comptes  Rendus  of  Jan.  12th,  1874,  contains  an  article 
by  M.  J.  Jamin  on  the  magnetism  of  soft  iron.  M.  Jamin  in- 
vestigated the  magnetic  condition  of  an  iron  bar  which  formed 
the  core  of  two  helices.  The  poles  could  be  made  opposite  or 
the  same  at  will  The  strength  of  the  magnetization  of  the 
iron  was  tested  by  moving  a  piece  of  iron  along  the  bar  and 
ascertaining  the  amount  of  force  necessary  to  detach  it  M. 
Jamin's  experiments  showed  that  the  magnetization  was  great- 
est when  two  north  or  two  south  poles  were  opposed,  and 
least  when  a  north  and  south  pole  were  directed  toward  each 
other.  These  results  seem  to  him  to  require  a  modification  in 
the  received  theory  of  solenoids. 
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In  the  following  experiments  the  soft  iron  bar,  i 
forming  the  core  common  to  both  magnetizing  heUt 
B,  formed  their  arma-  ^^ 

tore.     A  coil   of  fine  ^Cv 

wire  was  slipped  upon 
the  iron  bar,  which  was 
graduated  in  millime- 
ters. This  coil,  which 
we  shall  term  C,  was 
connected  with  a  re-  *^ 
fleeting  galvanometer. 
The  coils  of  the  bobbin 
C  being  thus  at  right 
angles  to  those  of  the 
magnetizing  helices  A  and  B,  the  effects  of  the  ind 
the  current  circulating  through  A  and  B  were  obviate 
induced  current  which  arose  in  C  on  making  the  mi 
circuit  was  due  to  the  magnetism  of  the  iron  bar  ale 
method  has  great  advantages  over  that  of  the  proof  1 
observations  can  be  taken  readily  and  quickly ;  an 
found  that  the  charge  of  magnetism  through  a  space  < 
meter  could  be  readily  measured.  In  the  first  expei 
two  magnetizing  helices  A  and  B  were  placed  direct!; 
each  other,  with  their  cores  touching  the  middle  of  th< 
Table  1.  represents  the  results  obtained  when  a  nortl 
opposed  to  a  south  pola 


Tabu  L 

Tablb  II. 

DitUnce  of  the  bobbin  C 
from  A  ftnd  B  In  eentimeten. 

1 

Deflectloni. 
14 

Dlstonce  of  the  bobbin  C 
from  A  and  B  In  eentimeten. 

8 

2 

13 

9 

3 

10.6 

10 

4 

9 

11 

Table  IL  represents  the  results  obtained  when  tw( 
two  south  poles  were  opposed. 

In  the  latter  case  observations  for  the  first  four  c< 
could  not  be  taken,  for  the  spot  of  light  from  the  reflect 
nometer  was  thrown  off  the  scale.  It  will  be  seen  thai 
netization  of  the  bar  is  far  greater  in  the  latter  case  tl 
former,  at  points  remote  from  the  opposed  polea  Be 
poles,  however,  the  magnetization  was  greater  whei 
the  opposite  name  were  opposed.  In  the  above  ex 
the  bobbin  C  was  placed  beyond  the  magnetizing  he 
the  experiments  wnich  follow  it  was  placed  between  t 
Table  III.  the  distances  of  the  bobbin  C  from  the  poiii 
between  the  two  helices  A  and  B  are  denoted  oy  a 
corresponding  deflections  by  y. 


jU^BBtataai 

■SSSBBSi 

aiM 

IHh 

IBBBBBBB 

IBBBBBBBI 

^lll^lil^lHiHIH 

■HI 

,:■■■ 

iaaBB 

■::!::! 

I— 

■BS|SSISBBbbj 
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Values  of  x. 

values 

0 

cm. 

0 

1 

t( 

5 

2 

ik 

15 

3 

22 

4 

30 

5 

37 

6 

40 

7 

55 

8 

65 

9 

76 

10 

86 

U 

87 

12 

110 

13 

125 

Table  III. 

Positive  Positive  Negative 

values  of  y.   Values  of  x.    values  of  y.  Values  of  z.    values  of  y. 

14 
15 
1('» 
17 
18 
20 
2( 


137 

21 

220 

150 

22 

210 

164 

28 

197 

180 

24 

185 

190 

25 

170 

204 

26 

156 

220 

27 

142 

28 

130 

29 

120 

30 

112 

These  results  are  expressed  by  the  curve  in  fig.  1.  The 
positions  of  the  two  north  poles  were  a:=+20  and  cr=— 20. 

Table  IV.  represents  the  valuea  obtained  when  a  north  pole 
was  placed  at  x=  +20  and  a  south  pole  at  x—  —  20. 


Table  IV. 

Positive 

Positive 

Negat 

Values  of  x. 

values  of  y. 

Values  of  x. 

values  of  y. 

Values  of  x. 

values  < 

0  cm. 

85 

13 

cm. 

194 

17 

cm. 

230 

1    " 

90 

14 

a 

206 

18 

220 

2    " 

95 

15 

a 

220 

19 

206 

r^ " 

100 

16 

a 

230 

20 

200 

4    " 

105 

21 

185 

5    " 

110 

22 

172 

6    " 

120 

23 

160 

7    '' 

126 

24 

146 

8   " 

136 

25 

134 

9    " 

145 

26 

120 

10    " 

160 

27 

106 

11    " 

170 

12    «' 

180 

These  values  are  expressed  by  the  curves  in  fig.  2.  The 
results  obtfiined  when  the  bar  whose  magnetism  is  tested  forms 
the  armature  of  two  electromagnets  are  the  reverse  of  those 
got  by  making  the  bar  the  core  common  to  both  the  magne- 
tizing helices  A  and  B,  which  was  the  case  investigatecl  by  M. 
Jamiu.  While  his  experiments  tends  to  invalidate  tne  theory  of 
solenoids,  ours  tend  to  confirm  it 

The  following  appear  to  be  the  conclusions  from  the  pre- 
ceding experiments. 

1.  With  poles  of  the  same  name  opposed  to  each  other  the 
magnetization  of  an  iron  bar  forming  the  armature  of  the  two 
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les  is  greater  on  a  part  of  the  armature  beyond  the  two  poles 
Gm  it  is  when  poles  of  opposite  signs  are  opposed. 
2.  On  points  of  the  armature  between  the  two  poles  the  mag- 
tization  is  greatest  when  poles  of  the  opposite  names  are 
(posed.  A  north  and  south  pole  attract  an  armature,  there- 
re,  with  much  greater  force  than  two  north  or  two  south 
Jes. 

8.  M.  Jamin*s  conclusions  from   the  experiments   upon  an 
m  bar  forming  a  core  to  the  enveloping  helices  are  as  follows : 
8®.  "  If  the  theory  of  solenoids  is  admitted,  the  action  of  par- 
lel  currents  should  be  to  increase  the  intensity  of  magnetiza 
m ;  on  the  contrary,  it  is  diminished. 

4^.  When  the  currents  in  the  magnetizing  helices  run  in 
tposite  directions,  they  should  act  opposed  to  each  other  on 
e  currents  circulating  around  the  particles  of  the  iron,  and 
ould  diminish  each  other's  action ;  on  the  contrary,  it  is 
creased. 

5°.  The  action  of  the  helices  should  be  annulled  at  the  mid- 
e  of  the  bar.     It  is  not" 

When  the  bar  to  be  experimented  on  forms  not  the  core, 
it  the  armature  of  two  electromagnets,  the  effects  obtained 
e  the  reverse  of  those  obtained  by  M.  Jamin,  and  tend  to 
•nfirm  the  theory  of  solenoids. 


BT.  IV. — Mineralogical  Notes;  Tellurium  Ch'es  of  Oflorado ; 
by  B.  SiLLiMAN.*  With  a  note  by  Arch.  P.  Mar  vine,  on 
the  Position  and  Oeohgy  ofilie  Gold  Hill  Mining  Region. 

In  May,  1873,  I  briefly  announced  the  discovery  of  tellurium 
Id  ores  at  the  Red  Cloud  Mine  in  Colonido,  and  stated  that 
■of.  N.  P.  Hill,  of  Blackhawk,  had  proposed  to  send  me  speci- 
ens  of  these  ores.f  The  specimens  sent  by  Prol  Hill  were 
Qg  in  reaching  me,  and  it  is  only  recently  that  I  have  ex- 
lined  theuL  The  observations  maae  in  the  summer  of  1878 
^  the  officers  of  Dr.  Hayden*s  Expedition  have  supplied  the 
,ta  needful  to  understand  the  mode  of  occurrence  ot  these  ores, 
r  the  details  of  which  reference  is  made  to  Mr.  Marvine^s 
>tes  and  map,  which  form  part  of  this  paper. 

^  The  substanoe  of  this  paper  was  communicated  at  the  April  session  (1874)  of 
I  NatioDAl  Academy  of  Sciences  at  Washington.  Since  then,  Mr.  Marvine,  of 
Hayden's  Expedition,  has  kindly  furnished  me  with  the  accompanying  map  and 
tkm,  ahowiiig  the  position  of  the  Gk)ld  Hill  Mining  Region,  in  advance  of  his 
Uiooiniiig  report,  with  a  brief  statement  of  the  geological  structure  of  the  dis- 
A,  which  I  am  happy  to  be  able  to  quote  as  a  substitute  for  the  less  detailed 
tement  made  orally  by  me  to  the  Academy. 
\  This  Jonraal,  III,  vol.  v,  286. 
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It  appears  from  tbem,  in  general,  that  near  the  mining  hamlet 
of  Gold  Hill,  about  tweuty-five  railea  northwest  of  Denver  Ci^, 
and  at  an  elevation  of  almost  8,000  feet  above  tide,  is  a  wide 
dike  of  prophyry  cutting  the  metamorphic  rocks,  probably  of 
Archiean  age,  about  six  miles  west  of  where  the  Tnassic  rocks 
die  out  at  the  base  of  the  moantain&     A  section  of  this  dike,  x 

,   furnished  by  Mr.  Marvin^ 

*  *-3^f>  f,  -Vj^-     '8  annexed,  showing  the  tel- 
'"■  ^"^      lurium-bearing veins  B  and 
^         c  on  its  sides.    The  porphy- 
ry of  which  it  is  composed 
has  distinct  crystals  or  feld- 
spar  implanted  in   a  par- 
4.  Porphjty  dyke,    b,  o.  Veins  with  gold  plish  -  gray  paste.      Tnew 
aDdteUuriumoi«e.  crystals  have  a  greenish- 

white  color,  and  are  evidently  partly  decomposed.  As  seen  in 
a  microscopic  section,  it  shows  the  usual  obscurely  crystalline 
ground-mass  of  felsite,  with  crystals  of  quartz,  and  sections  of 
feldspar  crystals  showing  the  parallel  bands  of  a  triclinic  species. 
A  glance  at  the  map  shows  the  position  and  course  of  this  dike, 
and  also  the  existence  of  other  dikes  of  porphyry  in  the  samt 
region.  The  porphyry  from  the  "  7'80  "  and  "  Central "  Mines 
closely  resembles  that  from  the  "Red  Cloud,"  while  that  from  a 
dike  (No.  136)  between  the  "  7'80"  and  the  "  Americus"  is  dis- 
tinctly tracbytic,  and  that  from  the  "  Niwot "  Mine,  at  the  west 
margin  of  the  map  (No,  181),  is  a  quartz-porphyry,  with  dis- 
tinct crystals  of  biaxial  mica.  Those  from  the  dikes  at  Jim 
Town  (specimens  Na  147),  on  the  north  border  of  the  district, 
are  distinct  sanadin-trachyte. 

The  tellurium  ores  have  been  explored,  so  far,  only  in  con- 
nection with  the  dike  near  Gold  Hill,  shown  in  the  section, 
although  they  exist  with  the  dike  at  "  7'30''  and  the  "  Central" 
These  ores  are  found  along  the  line  of  contact  of  the  walls  of 
the  dike,  in  a  quartz  gangue,  associated  chiefly  with  pyrit«  in 
small,  brilliant,  highly  modified  crystals,  and  rarely  with  chalco- 

fyrite  and  sphalerite.  Pro£  Hill  speaks  (loc.  ciL)  of  lead ;  hut 
have  found  no  salts  of  this  metal  in  the  specimens  received. 
The  quartz  is  chiefly  homstone  and  uncrystalline  quartz,  and,  on 
the  aide  of  the  country  rock,  it  is  mixed  with  feldspar.  Native 
gold  is  not  visible  in  any  of  the  specimens  I  have  seen  of  this 
ore  from  below  the  surface ;  but  where  the  surface  is  weathered, 
it  exhibits  free  gold,  arising  from  the  decomposition  of  the 
tellurets. 

On  the  sides  of  the  dike  the  line  of  division  is  clearly 
deJined,  but  not  so  on  the  side  adjacent  to  the  metamorphic 
rocks,  it  blending  on  this  side  with  the  granitic  materials.  The 
thickness  of  the  veins  varies  from  four  or  six  feet  to  a  few 
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inches,  but  the  rich  tellurium  ores  form  a  comparatively  nar- 
row seam  near  the  center  of  the  vein.  The  Red  Cloud  Mine, 
which  is  found  on  the  under  side  of  the  dike,  has  been  explored 
to  a  depth  of  about  seventy  feet.  The  Cold  Spring  Mine  is 
explored  on  the  upper  side  of  the  dika  The  tellurium  ores  are 
not  found  in  the  body  of  the  dike,  but  have  (owing  probably  to 
the  long  continued  high  temperature  of  the  dike)  found  looge- 
ment  in  the  granite  outside  of  the  walls,  and  not  in  immediate 
contact  with  them. 

The  species  at  the  Red  Cloud  Mine  are  native  tellurium, 
sylvanite  and  hessite  (which  has  been  called  petzite).  The 
simplicity  of  the  mineraloey  of  this  locality  is  in  strong  contrast 
with  what  is  found  in  the  tellurium  veins  of  Transylvania, 
which  are  mentioned  more  particularly  farther  on. 

Native  TeUurium, — The  occurence  of  this  rare  species  in  the 
United  States,  in  California,  was  mentioned  by  Dr.  Genth  with 
a  query,  in  his  Contributions  to  Mineralogy,  No.  vii  (this  Journal 
n,  xlv,  318).  Its  existence  in  the  Red  Cloud  Mine  is  unequivo- 
cal It  wassimultanteously,  yet  independently,  detected  by  Dr. 
Endlich  and  myself,  in  a  small  specimen  from  the  collection 
made  at  the  mine  last  summer,  and  now  forming  part  of  the 
Smithsonian  Collection  in  Washington.  It  did  not  exist  in  the 
collection  of  those  ores  sent  to  me  by  Prof.  HilL  The  hex- 
agonal cleavages  are  perfect,  and  one  small  and  very  perfect 
crystal  was  found,  whicn  has  been  measured  by  Mr.  E.  S.  Dana. 
Its  reactions  before  the  blowpipe  are  perfectly  in  accordance 
with  those  of  the  specie&  It  contains  no  selenium  and  only  a 
trace  of  gold. 

Auariferous  Hessite, — This  mineral  has  been  spoken  of  as 
petzite;  but  it  contains  much  too  little  gold  for  this  latter 
species.*  Its  sp.  gr.  is  8*6;  luster  splendent  metallic  when 
freshly  broken;  fracture  conchoidal,  brittle,  but  somewhat 
malleable;  under  the  pestle  laminates  into  thin  scales,  and  is 
with  difficulty  reduced  to  fine  powder,  leaving  on  the  agate  sur- 
faces metallic  streaks  of  plumbago-like  color.  Color  telluric, 
tarnishes  blackish  on  exposure,  sometimes  iridescent  Cleavage 
nona 

Before  the  blowpipe  in  the  closed  tube,  the  pure  mineral 
(with  no  trace  of  pyrite)  decipitates,  fuses  to  a  fflobule  adliering 
to  the  glass,  and  exhales  a  white  sublimate,  fusing  into  clear 
colorless  globules.  Alone  on  coal  in  both  flames  it  gives  a 
globule,  coats  the  coal  with  the  characteristic  areola  of  tellurium 
and  tellurous  acid ;  it  does  not  exhale  any  odor  of  selenium,  nor 
show  any  trace  of  lead.  The  globule  is  non-magnetic  if  pyrite 
is  absent,  and  does  not  vegetate  with  silver  as  hessite  does ; 

*  Mr.  A.  EUers,  M.E.,  in  a  notice  of  the  Red  Cloud  Mine,  in  the  Transactions  of 
the  American  Institute  of  Mining  Engineers,  vol.  i,  p.  316,  considers  it  petzite. 
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with  soda  it  gives  a  large  bead  of  silver,  which  dissolves  in 
nitric  acid,  leaving  gold  id  powder. 

Cupellation  gave  gold  6*40  per  cent,  and  silver  SO^OO. 
By  a  partial  analysis  I  foand,  m  the  wet  way,  gold  7*181 ;  silver 
51  •061  per  cent  Understanding  from  Dr.  G^nth  that  he  is  en- 
gaged in  the  chemical  investigation  of  this  species,  as  well  as  of 
the  other  tellurium  minerals  of  the  Red  Cloud  Mine,  with  abun- 
dant material,  I  have  willingly  abandoned  this  work  to  him, 
satisfied  that  it  cannot  be  in  better  handa 

Sylvanite,^  This  species  from  the  Red  Cloud  Mine  yields  in 
the  o^)en  tube  a  faint  odor  of  selenium,  and  the  gray  ring  of 
tellurium  is  preceded  by  a  slight  reddish  ring  of  selenium.  In 
the  closed  tuoe  the  ring  of  tellurium  is  more  distinct,  and  the 
deep  yellow-brown  vapor  of  the  metal  is  clearly  seen,  but  the 
selenium  is  not  evident 

Alone  on  the  coal  it  fuses  with  exhalation  of  the  odor  of  se- 
lenium and  its  well  characterized  blue  flame.  The  first  touch 
of  the  outer  flame  causes  a  liquid  fusion,  coating  the  coal,  like 
argentic  nitrate,  with  a  silver  film,  and  a  yellow  areola  appean 
before  the  white  film  of  tellurium  oxide.  Continuous  flaming 
in  the  reducing  flame  produces  a  well  marked  yellow  brown 
areola  within  the  tellurium  ring,  becoming  as  it  cools  much  more 
brown.  It  probably  contains  lead  and  antimony.  Its  reactions 
are  not  those  given  by  Berzelius  for  sylvanite.  It  contains  by 
assay  gold  and  silver  in  the  proportion  1*7  to  1.  In  the  for- 
mula (Au.  28 '5  Ag.  157)  the  ratio  of  the  gold  and  silver  is 
1*8  :  1.  My  stock  of  this  species  was  not  sufficient  to  permit  a 
determination  of  the  specific  gravity. 

Prof.  Hill,  who  has  smelted  large  quantities  of  the  ores  of  the 
Red  Cloud  Mine,  informs  me  that  "  these  minerals  exist  in  this 
ore  as  minute  particles,  or  so  finely  divided  as  to  produce  the 
effect  of  a  stain  in  the  rock.  One  of  the  specimens  sent — the 
darkest  colored — assayed  here,  was  found  to  contain  1890 
ounces  of  gold  and  5300  ounces  of  silver  to  the  ton  of  2000 
lbs."— about  $50,000  in  value. 

Comparing  what  is  known  of  the  mineral  associates  of  the 
tellurium  ores  of  Colorado  with  those  of  Transylvania,  as  de- 
scribed by  Von  CotUi,  the  great  simplicity  of  the  mineralogy  of 
the  Colorado  veins  becomes  very  conspicuous.  The  age  of  the 
porphyry  dikas  which  cut  the  Archa3an  rocks  of  Colorado  has 
not  been  determined  ;  but  it  is  probable  that  they  are  more 
recent  than  the  Triassic  rocks  which  flank  the  base  of  the  moun- 
tains. The  tellurium  veins  of  Ofl'enbanya  are  accompanied  by 
igneous  rocks  of  more  recent  date  than  the  Eocene  sandstx)nes, 
and  those  of  Nagyag  exist  only  in  connection  with  igneous 
rocks,  also  of  probable  Eocene  age  (called  by  Von  Hingenau 
'*  greenstone  porphyry"),  and  composed  of  feldspar  and  amphi- 
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le,  which  have  broken  through  sandstones  and  argillaceous 
ales.  In  OflFenbanya,  the  tellurium  ores  occur  under  very  pe- 
liar  geological  conditions  ;  that  is,  in  veins  in  igneous  rocks, 
d  in  se^gated  masses  in  granular  limestone.  The  veins 
cupy  thm  clefts,  fifteen  of  which  on  one  property  are  tolerably 
iraUel  to  each  other  (E.  and  W.,  din  i(f-4ir  N.),  with  an  aver- 
se width  of  about  an  inch,  and  they  carry  chiefly  sjrlvanite 
id  nagyagite  sparingly  distributed,  and  more  rarely  native  gold, 
he  chief  matrix  is  quartz  and  diallogite,  associated  with  pyrite, 
denite,  sphalerite,  stibnit«,  native  silver  and  pyrargyrite. 
The  ^ngue  of  the  Nagyag  lodes  is  diallogite,  or  brown  spar, 
'  calcite,  or  hornstone  and  quartz,  it  varying  in  the  different 
des  and  in  diflferent  parts  of  the  same  loda  The  gold-bear- 
g  tellurium  ores  are  scattered  through  this  gangue  with  man- 
inblende  and  pyrite.  The  chief  ores  worked  are  nagyagite, 
rlvanite,  gold,  auriferous  iron  pyrites,  argentiferous  tetrahe- 
rite,  native  silver  and  galenite.  Associated  with  these  are 
3ssite,  bournonite,  jamesonite,  barite,  sphalerite,  stibnite,  native 
"senic,  realgar,  orpiment,  silver  glance,  chalcopyrite,  marcasite, 
itive  copper,  malachite,  pyrrhotite,  sulphur,  &c.,  with  va- 
OQs  epigene  species.  In  all,  over  forty  mineral  species  are 
mmerated  as  found  in  the  veins  of  Nagyag.  Compared  with 
lis  abundance,  we  find  at  the  Eed  Cloud  Mine  only  native 
illurium,  sylvanite,  hessite,  pyrite,  chalcopyrite,  and  more  rarely 
ilenite  and  sphalerite,  with  native  gold  as  an  epigene  species 
i  surface.  The  gangue  stone  is  hornstone  or  chalcedonic 
uartz,  with  feldspar. 

Possibly  explorations  at  greater  depths  may  develop  other 
pecies ;  but  this  result  has  not  followed  the  deep  workings  of 
le  silver  mines  in  Nevada,  where,  at  the  depth  of  1500  feet,  the 
umber  of  species  found  is  not  greater  than  it  was  at  the  sur- 
ice.  A  like  paucity  of  species  characterizes  the  metamorphic 
nd  volcanic  rocks  of  the  Sierra  Nevada  in  California. 

^Qsition  and  General  Geology  of  the  Gold  Hill  Mining  Region ; 
bv  Arch.  R  Marvine,  Geologist  of  the  Geological  Survey 
of  the  Territories  in  1873.* 

The  accompanving  map  has  been  prepared  to  show  the 
eneral  outlines  of  the  country  in  the  neighborhood  of  the  Gold 
[ill  and  Ward  mining  districts,  in  the  mountains  of  Colorado, 
hile  the  following  remarks  explain  briefly  the  position  of  the 
sgion  in  relation  to  the  surrounding  country,  as  well  as  its 
Bneral  geology,  as  determined  during  the  explorations  of  the 
immer  of  18/8. 

*  Tbeee  notes  form  part  of  Mr.  Marvine's  Report,  in  the  volume  of  Reports  of 
«  Expedition  for  1873. 
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arly  parallel  with,  and  a  few  miles  west  of,  the  western 
JT  of  the  country  represented  on  the  map,  rises  the  main 
nental  "  divide  '  in  a  north -and-south  crest,  which  here 
flB  an  altitude  of  nearly  thirteen  thousand  feet  above  the 
nreL     From  the  base  of  the  main  crest  a  zone  of  moun- 

oonntry  extends  eastward,  which  is  cut  through  by  the 

in  a  general  east-and-west  direction. 
A  intervening  ridges  are  not  sharp,  but  of  a  massive 
Cter,  often  with  undulating  surfaces,  their  higher  points 
It  reaching  in  general  a  pretty  uniform  level,  the  rugged- 
3S  the  oountry  being  produced  by  the  deep  caQons  of  the 
BL     It  is  a  portion  of  this  region  that  is  represented  on  the 

.  the  east  (near  the  border  of  the  map)  the  region  abruptly 
along  a  nearly  north-and-south  line,  the  massive  spurs 
g  to  the  zone  of  "Hog  Backs,'*  or  ridges  of  upturned 
lentary  rocks,  which  lie  all  along  the  base  of  the  range, 
le  "red  beds,"  probably  of  Triassic  age,  form  the  inner- 
ridge,  lying  directly  on  the  Archaean  rocks  of  the  moun- 
These,  in  going  eastward,  are  followed  by  the  upturned 
lof  Jurassic  shales,  the  Cretaceous  groups,  and  the  great 
ttie  formation,  of  as  yet  disputed  Cretaceous  or  Eocene  age, 
li  stretches  eastward,  and  forms  the  beds  directly  under- 
;  the  Ghreat  Plains. 

■Ider  City  is  on  the  border  between  the  mountains  and  plains, 
is  reached  by  railroad,  Denver  City  being  but  twenty- 
nQeB  to  the  south  and  east  From  Boulder  City,  wagon 
\  up  the  various  caHons  give  access  to  the  mines  in 
MHUitaina     South  of  the  region  represented  on  the  map, 

fifteen  to  twenty  miles,  is  Clear  Creek,  much  like  the 
der  in  general  character,  on  the  tributaries  of  which  the 
r  known  mining  regions  of  Georgetown,  Idaho,  Empire, 
k  Hawk,  and  Central  City  are  situated. 
M  rocks  of  the  mountains,  as  a  whole,  may  be  considered 
sag  composed  of  a  great  series  of  metamorphic  rocks  of 
■larian  age.  Quartzites,  siliceous,  micaceous,  some  horn- 
iic  and  garnetiferous  schists,  gneisses  and  granites,  all 
r;  the  gneiss,  with  possibly  granite,  in  the  greater  propor- 
While  laige  areas  of  structureless  granite  abound,  aj)- 
itiy  of  so-called  plutonic  or  eruptive  origin,  search  seldom 
in  finding  spots  or  areas  more  or  less  large  of  gneissic  or 
distinct  schistose  structure.  The  fact  that  these  usually 
IB  imperceptibly  into  the  surrounding  granite,  as  well  as 
WOk  in  their  strikes  and  dips  to  the  general  system  of  folds. 
Die  plainly  indicated  perhaps  in  adjacent  schistose  regions, 

that  such  granites  have  been  metamorphosed  in  situ  and 
isdigenous    rocks.     At    the    same    time    sharp  lines  of 
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demarcation,  and  the  occurrence  of  dikes  and  allied  features, 
show  that  the  conditions  of  extreme  metamorphism  have 
probably  been  accompanied  by  a  great  softening  of  the  rock, 
allowing  ready  molecular  rearrangement  into  striictareleas 
forms,  and  producing  plutonic  and  other  appearances  indicatiTe 
of  an  exotic  character. 

The  same  granite  mass,  approached  from  opposite  sides, 
might  convey  entirely  diflferent  impressions  as  to  its  oriffin ;  a 
raetiimorphic  indigenous  nature  bemg  indicated  upon  the  one 
band  ;  an  eruptive,  exotic  origin  upon  the  other. 

I  doubt  if  any  of  the  large  granite  masses  of  the  mountains 
are  of  true  intrusive  character,  and  even  if  those  smaller  ones 
which  are  clearly  intrusive  have  come  from  great  distances 
below,  or  are  other  than  of  the  same  series  of  rocks  melted  by 
the  heat  accompanying  the  metamorphism  of  the  mass. 

Along  the  south  side  of  the  map,  and  exposed  by  the  cafion 
of  the  Moulder  Creek,  are  massive  gray  granites,  with  but 
few  points  where  any  structure  was  observed. 

All  along  this  half  of  the  map  the  general  strike  is  approxi- 
mately east  and  west,  with  a  northern  dip.  This  is  the  case 
also  along  its  west  border.  Near  the  north  and  east  sides, 
however,  the  dip  is  south,  indicating  a  synclinal  structure 
running  through  the  middle  of  the  eastern  portion  of  the  map. 

A  horizon  in  which  a  definite  schistose  structure  tends  to 
occur  is  indicated  by  the  dotted  area  running  through  the 
center  of  the  map.  Some  of  the  rocks  here  are  distinct  schists, 
but  little  changed,  and  include  very  irregular  red  and  black 
banded  mica  schists,  garnetiferous,  and  some  handsome,  fine 
and  evenly  banded,  gray  gneissic  schists.  In  places,  this  zone 
mav  be  lost  in  granite,  out  opportunity  did  not  offer  to  care- 
fully follow  it  throughout  Most  of  the  granite  on  the  north 
edge  of  the  map  contains  little  if  any  mica,  tending  to  a  red- 
disn  granular  aplite.  The  schist  zone  shows  the  folds  of  the 
formation  very  well,  some  of  them  being  very  abrupt,  and 
regions  of  great  contortion.  All  the  observed  strikes  and 
dips  are  indicated  on  the  map,  but  the  general  structure  of  so 
small  an  area  cannot  be  well  shown  separated  from  the  sur- 
rounding country. 

These  schists  and  granites  are  pierced  at  many  points  by  a 
number  of  dikes  of  felsite  porphyry,  which  are  also  indicated 
on  the  map.  Usually  these  form  hills  or  ridges,  and  while 
some  are  quite  long,  the  prophyry  has  apparently  often  found 
vent  through  less  extended  openings,  now  showing  as  sugar- 
loaf  formed  hills,  without  the  direction  of  the  dike  being 
clearly  indicated.  Such  forms  are  shown  by  a  cross.  The 
porphyries  vary  considerably  in  character,  but  no  careful  com- 
parative examination  of  them  has  as  yet  been  made.     Some 
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dn  remarkably  handsome  crystals  of  fieldspar,  often  of  the 
of  the  Carlsbad  twins. 

le  tellurium  ores  of  Gold  Hill  occur  in  connection  with 
of  these  dikes.  See  the  section  on  pa^e  26.  This  dike 
a  from  forty -five  to  thirty  five  feet  in  width,  trends  about 
)®  E  ,  and  dips  approximately  80°  to  the  northwest  On  the 
side  is  the  Red  Cloud,  on  the  west,  the  Cold  Spring  mines, 
former,  upon  a  casual  examination,  showed  a  well  defined 
ing  wall  or  that  on  the  side  of  the  porphyry,  a  vein 
lly  three  or  four  feet  in  width,  but  in  places  pinching  out 
few  inches,  with  at  one  point  a  clay-like  **  gouge,"  and  an 
inite  foot  wall  on  the  side  of  the  coarse  gneissic  granite, 
h  is  here  the  country  rock.  Some  of  the  vein  matter 
ared  as  if  a  decomposed  granite. 

"-rite  is  the  most  frequently  occurring  mineral  in  the  dull 
tzose  gangue  of  the  vem ;  with  it  there  is  some  zinc 
ie.  I  had  no  opportunity  to  examine  into  any  paragenetic 
her  feature  of  the  tellurium  ores. 


.  V. — Notes  on  Diffraction  Oratings ;  by  John  M.  Blake. 

JRING  the  past  year  T  have  had  an  opportunity  to  photo- 
h  some  diffraction  gratings.  For  this  I  have  to  thank 
.  George  F.  Barker,  and  also  Mr.  D.  C.  Chapman;  who 
for  the  purpose  a  ruling  on  glass  6480  lines  to  the  inch, 
[r.  L.  M.  Rutherfurd. 

reproducing  these  lines  by  photography,  it  is  necessary  to 
oy  contact  printing ;  for  no  lens  would  give  the  required 
ition  over  so  large  a  surface,  either  for  copying  a  ruling, 
r  originating  a  grating,  by  reducing  from  a  large  drawing 
»aper.  A  ruling  one  inch  square,  containing  6480  lines, 
d  be  represented  by  a  drawing  27  feet  square,  in  which 
ines  would  have  a  separation  of  one-twentieth  of  an  inch, 
sensitive  plates  used  in  these  trials  had  a  hard  and  very 
jct  albumen  surface,  which  admitted  of  close  contact  witn 
uledplate.  The  impression  was  made  by  a  beam  of  sun- 
The  resulting  photographs  were  negatives,  having 
e  lines  on  a  dark  ground ;  the  dark  spaces  being  from 

to  twice  the  width  of  the  lines.  They  gave  more  brilliant 
;ra  than  the  original  ruling,  and  this  was  doubtless  owing 
e  greater  intensity  and  contrast  of  the  lines.  But  it  was 
d,  on  examination,  that  the  photographs  had  an  unexpected 
it;  and  in  investigating  the  cause  of  this  some  interesting 
omena  were  noticed. 

JouB.  Sci.— Thibd  Sbbies,  Vol.  Vin,  No.  43.— July,  1874. 
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When  a  nded  plate  is  laid  upon  a  film  and  lighted  by  a 
window,  a  series  of  rings  or  irreguJar  bands  can  be  seen  on  the 
grating,  and  similar  appearances  are  reproduced  in  the  photo- 
graph. These  were  at  first  thought  to  be  Newton's  rings. 
They  varied  on  pressure,  but  could  not  be  made  to  disappear 
by  this  means  in  every  case ;  as  the  slightest  irregulanty  of 
the  film  prevented  absolute  contact  It  wad  found  that  a 
separation  of  a  thickness  of  paper  between  the  surfaces  did  not 
cause  these  bands  to  disappear,  but  increased  their  number. 
They  were  therefore  not  due  to  the  "  colors  of  thin  plates." 
It  will  readily  occur  that  these  bands  are  of  the  same  character 
as  the  eflfect  seen  on  viewing  one  picket  fence  through  another 
or  the  shadow  of  a  piece  of  wire  cloth  through  the  cloth  itself. 
The  two  sets  of  lines  coincide  in  the  light  spaces,  while  in  the 
dark  bands  the  lines  of  the  two  series  alternate.  In  the  case 
we  have  to  deal  with  there  are  one  or  more  reflections  between 
the  brilliant  surface  of  the  film  and  the  ruling.  The  precaution 
was  always  taken  to  stop  reflection  from  the  back  of  the  sensi- 
tive plate  by  backing  in  optical  contact  It  may  be  interesting 
to  note  in  this  connection  that  a  series  of  spurious  bands  can 
be  seen  crossing  the  spectra  of  a  lamp  when  looking  in  one 
oblique  direction  through  a  glass  ruling,  the  ruled  sur&ce 
being  next  the  eya  When  this  position  is  found,  the  bands 
can  be  made  to  cross  the  first  and  second  spectra,  either 
parallel  to  true  spectral  lines,  or  obliquely,  by  rotating  the 
glass  plate  in  its  own  plane.  These  bands  are  evidently  of  the 
same  character  as  those  that  have  been  described. 

If  we  take  a  photograph  which  was  made  with  imperfect 
contact,  and  hold  it  away  fix)m  the  eye  toward  a  lamp,  so  as 
to  catch  the  second  spectrum  on  its  surface,  we  wiU  often 
observe  one  or  two  irregular  bands.  If  the  grating  is  now 
moved  further  to  one  side,  so  that  the  third  spectrum  begins  to 
cover  it,  a  number  of  bands  will  make  their  appearance,  and 
in  the  fourth  spectrum  the  number  is  still  further  increased. 
As  a  general  rule,  the  light  space  between  the  dark  bands  in 
one  spectrum  is  cut  through  by  one  or  more  dark  bands  in  the 
next  higher  spectrum,  and  the  dark  band  previously  existing 
becomes  a  light  space.  Thus  it  happens  in  the  higher  spectra, 
which  overlap,  we  may  see  two  colors  in  alternate  banas  and 
not  the  two  colors  comoined,  as  would  be  the  case  in  a  perfect 
grating.  In  some  photographs  the  contact  has  been  so  perfect 
that  no  dark  bands  appear  until  the  third  or  fourth  spectrum  is 
reached.  The  first  spectrum  is  little  impaired  in  any  of  the 
photographs  of  the  6480  line  grating.  The  most  brilliant  spec- 
trum observed  was  through  a  gratiug  which  showed  numerous 
dark  bands  in  the  second  and  thini  spectra.  It  is  believed 
that,  notwithstanding  the  defect  causing  these  bands,  there  is 
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I;  prodaced  a  radical  change  in  the  accuracy  of  position  of 
\  lines.  As  proof  of  this  may  be  mentionea  the  constancy 
obtaining  certain  results  now  to  be  described.  The  foUow- 
\  appearances  were  produced  without  any  visible  connection 
^h  tne  accidental  bands  on  the  photographs  themselves, 
)vided  they  were  not  viewed  by  light  more  oblique  than 
s  required  to  show  the  first  spectrum, 
[f  two  photographs  are  superposed  with  the  films  in  con- 
it  and  tne  lines  brought  nearly  parallel,  the  inaccuracies  in 
\  ruling,  though  exceedingly  small,  are  brought  out  in  a 
iking  manner.  When  the  lines  are  brought  exactly  parallel, 
the  copies  of  the  6480  grating,  by  Mr.  Butherfurd,  there  is 
ssentea  an  almost  unbroken  snaded  sur&ce,  excepting  that 
periodic  error  is  shown  by  shaded  bands  parallel  to  the  lines 
to  the  inch.  If  the  plates  are  now  turned  a  very  little  on 
3  another,  dark  bands  make  their  appearance,  crossing  the 
ings  at  right  angles,  but  subject  to  irregularities.  First,  the 
iodic  error  shows  itself  in  the  zigzag  character  given  to 
)  band^s  and  this  is  strikingly  obvious.  A  displacement  of 
\  bands  occurs  at  one  place  m  the  ruling,  but  after  a  short 
ice  they  again  return  to  their  position, 
rhe  first  or  periodic  error  must  be  due  to  the  screw  of  the 
ing  apparatus.  The  second  may  have  been  due  to  a  slight 
er^  Qisplacement  of  the  diamond  point,  by  some  means, 
ich  contmued  for  a  short  interval.  As  the  plates  are  further 
ned  upon  one  another,  the  bands  rapidly  increase  in  num- 
•  and  become  nearly  straight,  and  when  the  lines  are  in- 
aed  at  an  angle  of  five  degrees,  the  cross  bands  become  too 
»se  and  fine  for  the  best  eye  to  detect 

[n  order  to  get  a  clear  understanding  of  these  appearances, 
sely  superpose  and  hold  two  sheets  of  ruled  letter  paper  to 
^  light  By  crossing  the  lines  more  or  less  a  diamond- 
iped  lattice  work  will  be  developed,  and  the  cause  of  the 
ondary  lines  will  be  obvious. 

These  secondary  lines  give  spectra  according  to  their  dis^ 
ice  apart,  and  we  have  here  a  means  of  producing  a  variabk* 
vUng  which  may  find  application  in  some  investigatioyps.. 
crossing  the  lines  at  nearly  a  right  angle  a  number  of  ad-- 
ional  secondarv  spectra  can  be  seen.  First,  and  most  ppomi-. 
it  afler  those  due  to  the  original  lines,  we  have  the  diagonals^ 
I ;  next  2-1,  8-1  and  4-1,  &c ;  then  2-8.  The  four  latter- 
7e  been  observed  and  there  should  be  eight  of  eacb.  Thei: 
ly  second  secondary  spectrum  observed  by  lamp-light  was 
it  of  1-1.  This  observation  refers  to  the  6480  line^  grating.. 
The  bands  developed  by  superposition  were  photographed. 
is  was  first  attempted  by  diffused  light,  and  the  best  results. 
re  obtained  when  the  light  was  oblique.     But  ^  was^  found 
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difficult  to  prevent  the  doubling  and  splitting  up  of  the  bands 
at  one  end,  where  the  light  that  entered  the  fens  became  more 
oblique  to  the  grating,  and  the  irregular  bands  of  the  indi- 
vidual photographs  began  to  make  their  appearance.  To 
remedy  the  last  named  difficulty,  a  lens  of  longer  focus,  about 
twenty  inches  solar,  was  tried,  and  then  bj  using  sun-light  a 
mucli  better  result  was  secured.  It  was  found  altogether  best 
with  the  6480  line  grating  to  move  camera  and  grating  at- 
tached, so  as  to  make  an  angle  with  the  direct  beam,  and  into 
the  jiroper  direction  to  have  the  bine  and  violet  of  the  first 
spectrum  cover  the  image.  Tiien  the  bands  came  oat  with  a 
distinctness  not  before  obtained,  and  the  actinic  effect  was  snf 
ficiently  uniform  over  tlie  wholesnrface.  The  resulting  photo- 
graph was  transferred  to  the  wood  block  for  fngraving,  and 
the  result  is  given  in  fig.  1. 


Tlie  same  process  was  repeated  with  the  2000  line  grating, ex- 
'L'[iting  thjit  it  wa;<  founil  best  to  bring  the  image  into  the 
space  between  the  direct  beam  and 
the  tirst  spectrum.  The  result  is 
I  friven  in  tig.  S;  but  unfortunately 
I  tlic  minute  irregularities  .so well  shown 
in  the  piiot^r.iph  could  not  be  repro- 
duced in  tlic  wood  cut.  The  tirst 
I  !i])ectnim  was  impaired  to  some  extent 
1  ill  these  jarticutar  gratings,  which 
I  were  probably  the  third  reproduction 
I  from  the  original  The  splitting  up 
I  (if  the  bauds  could  not  be  altogether 
vciitpfi,  and  a  difference  in  the 
'  at'liEiic  illumination  at  the  two  ends 
seemed  unavoidable.  Nest  miero-photc^raphs  were  tried  with 
the  same  illu  mi  nation.  The  result  witli  the  Nobert  grating  did 
not  possess  sufficient  interest  to  reproduce  here.  The  original 
lines  were  shown.  The  Rutherfurd  grating  gave  the  result  repre- 


J.  M.  Blake — Notes  on  Diffraction  Orniings.  87 

sented  in  fig.  2.  It  was  found,  by  comparing  the  depth  of  the 
serratures  with  the  distance  of  two  bands  apart,  that  the  pe- 
riodic error  amounted  to  one-fourth  of  the  distance  of  the  lines, 
or  approximately  the  twenty -six  thousandth  of  an  inch. 

To  obtain  the  results  given  in  figs.  1  and  3,  the  gratings 
were  so  disposed  as  to  develop  the  greatest  amount  of  error. 
The  regularity  of  the  former  ruling  is  brought  out  by  contrast ; 
but  the  periodic  error  so  plainly  exhibited  in  figs.  1  and  2  is 
detected  with  great  difficulty  in  Nobert's  grating.  This  is 
perhaps  due  to  the  greater  perfection  of  the  screw  employed  ; 
out  to  a  large  extent  to  the  abundance  of  other  errors  which 
have  no  regularity  of  recurrence.  However,  three  consecutive 
serratures  were  found,  which  were  as  sharp  and  apparently  of 
the  same  character  as  those  from  the  Rntherfurd  grating. 

If  we  place  two  whole  copies  of  a  grating,  as  would  occur 
in  respect  to  parallelism  if  one  was  bent  on  itself,  making  a 
folded  edge  parallel  to  the  ruled  lines,  the  resulting  bands 
with  the  irregularities  will  be  symmetrical  about  the  central 
line  of  the  ruling.  Tlie  same  position  will  also  give  symmetry 
about  a  line  at  right  angles  to  the  original  lines,  provided 
these  lines  are  arcs  of  circles.  This  will  be  seen  to  be  the 
case  in  fig.  8,  and  on  counting  the  whole  bands,  above  and 
below  the  point  where  the  arcs  are  in  effect  parallel  for  a  short 
distance,  we  find  nine  which  represent  a  curvature  of  two  and 
one-quarter  lines  The  distance  of  the  lines  being  known,  we 
obtain  the  versed  sine  and  from  this  the  radius  of  curvature, 
which  would  be  nine  feet  A  count  under  the  microscope, 
with  two  gratings  slightly  overlapping,  gave  the  curvature  two 
and  one-half  linea  Rutherfurd  s  ruling  gave  no  evidence  of 
curvature  in  the  lines  when  the  latter  were  brought  parallel.  A 
curvature  of  the  bands  occurs  in  both  cases,  which  indicates  a 
gradual  increase  in  the  distance  of  the  lines  in  going  from  one 
side  of  the  ruling  to  the  other.  The  inference  from  fig.  1 
would  be  that  this  error  may  interfere  with  the  definition  of 
the  spectrum  as  much  as  the  periodic  error  due  to  the  unequal 
thrust  of  the  screw  during  each  revolution ;  for,  even  granting 
that  it  appears  doubled  in  actual  amount  in  fig.  1,  it  seems  to 
point  to  a  displacement  of  one-quarter  of  a  line.  This  curva- 
ture in  the  bands  changes  in  direction  when  one  plate  is  rotated 
to  the  other  side  of  a  parallel  position  of  the  lines.  In  fig.  8 
we  have  both  phases  represented,  as  would  be  expected  from 
the  curvature  of  the  lines  and  their  consequent  reverse  crossing 
above  and  below  the  center.  If  we  consider  the  greater  curv- 
ing of  the  bands  in  fig.  8  as  compensated  for  by  the  width  of 
the  ruling,  exceeding  by  one-third  that  represented  in  fig.  1, 
we  have  yet  to  take  into  account  that  the  lines  in  the  former 
ruling  are  three  times  as  far  apart,  and  hence  it  follows  that 
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the  error  due  to  an  incremeDt  in  the  distance  of  the  lines, 
in  passing  from  one  side  of  the  grating  to  the  other,  is  three 
times  as  great  in  the  Nobert  ruling.  In  each  case  the  bands  be- 
come straight  in  general  direction,  when  one  of  each  pair  of 
gratings  is  rotated  in  the  plane  of  the  ruling  180  d^rees. 

Since  writing  the  above,  with  the  exception  of  a  revisioo  of 
the  part  relating  to  the  photographing  of  the  bands  developed 
by  superposition,  I  find  a  paper  on  this  same  subject  by  Lord 
Eayleigh,  in  Phil.  Mag.  3for  Feb.,  1874  He  has  anticipated 
me  on  several  points.  He  mentions,  on  superposing  two  pnoto- 
ffraphed  gratings,  "the  appearance  of  a  system  of  parallel 
bars,  whose  direction  bisects  the  external  angle  between  the 
directions  of  the  original  lines."  And  suggests  *'  the  iregu- 
laritv  of  the  bars,  due  to  imperfection  in  the  ruling  when 
parallelism  is  very  closely  approached,  might  be  made  useful 
as  a  test"  He  speaks  also  of  irregular  bands  seen  on  individ- 
ual photographs,  and  says  that  "  the  disappearance  of  the  first 
spectrum  is  very  unusual ;  but  that  it  is  common  for  bands  to 
appear  in  the  fourth  and  higher  spectra." 

His  explanation  of  the  cause  originating  these  bands  is  dif- 
ferent from  mine.  He  savs  '*when  examined  under  the  micro- 
scope,  the  ooaque  bar  on  the  copy,  which  corresponds  to  the 
shadow  of  tne  groove  (ruled  line)  of  the  original,  is  seen  to  be 
composite ;  being  not  unfrequently  traversed  along  its  length 
by  several  fine  lines  of  transparency."  And  a^ain,  "in  the 
process  of  copying,  the  groove  of  the  original  is  widened  into  a 
oar,  whose  width  depends  on  closeness  of  contact,  an  element 
which  necessarily  varies  in  different  parts  of  the  plate."  In 
regard  to  the  definition  of  a  8000  line  grating  by  rfobert,  he 
found  that  "in  many  cases  the  definition  may  be  considerably 
improved  by  the  use  of  a  diaphragm  so  placed  that  only  the 
central  parts  of  the  lines  are  operative.'  This  observation 
appears  to  show  that  the  Nobert  ruling  which  he  examined 
also  had  curved  lines,  and  that  this  curvature  injured  detinitioo. 

He  made  copies  "not  perceptibly  inferior  to  the  original," 
and  with  copies  of  the  8000  line  grating,  with  a  high  magni- 
fying power,  could  "  make  out  nearly,  but  not  quite,  all  that  is 
shown  in  Angstrom's  map." 

In  a  later  paper  in  the  March  number  of  the  same  journal, 
he  speaks  of  the  inferiority  of  a  6000  line  Nobert  ruling  to 
the  one  of  3000  lines  by  the  same  maker.  It  appears  to  me 
that  an  important  point,  which  is  apparently  involved,  should 
be  borne  in  mind  in  the  manufacture  of  gratings ;  since  we 
have  here  an  indication,  that  with  6000  lines  to  the  inch,  the 
maximum  of  defining  power  has  been  passed ;  for  the  reason 
that  by  increasing  the  number  of  lines,  a  point  would  be 
reached  where  the  error  in  each  turn  of  the  screw,  or  the  gain 
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in  twist  of  the  same,  would,  in  the  width  of  the  grating,  equal 
the  distance  between  two  individual  lines.  Take,  for  instance, 
the  2000  line  Nobert,  the  errors  of  which  are  pointed  out  in 
fig.  3.  It  would  seem  that  to  treble  the  number  of  lines 
would,  in  this  case,  pretty  much  destroy  the  effect  of  the  grat- 
ing ;  since  the  two  errors  remain  independent  of  the  number  of 
lines. 

It  is  not  impossible  that  an  application  may  be  made  of  this 

firinciple  of  superposition,  in  studying  the  markings  of  diatoms, 
n  carrying  out  this  plan,  besides  superposing  the  shells  them- 
selves, it  may  be  found  useful  to  employ  fine  closely-ruled 
lines  of  known  value;  as  in  Nobert's  microscopic  test  plate. 
Of  course,  it  is  to  be  expected  that  the  higher  powers  would  be 
dispensed  with  ;  a  much  lower  power  being  used  than  would 
be  required  to  separate  the  lines  themselves. 

New  Haven,  Gonn.,  March,  1874. 


Art.  VL — On  the  Spectrum  of  the  Zodiacal  Light;  by  Arthur 

W.  Wright. 

The  observations,  of  which  an  account  is  here  given,  were 
made  at  various  times  during  the  year  past,  with  a  view  to 
determine  the  nature  of  the  zodiacal  light,  so  far  as  it  could  be 
effected  by  a  study  of  its  spectrum,  and  as  supplementary  to 
the  investigations  upon  its  polarization  published  in  this 
Journal  in  May  last  Certain  of  the  statements  there  made 
were  based  upon  evidence  derived  from  these  observations, 
which  it  is  the  purpose  of  this  article  to  set  forth  more  fully. 

As  the  object  studied  is  one  of  the  faintest  among  those 
upon  which  the  spectroscope  may  be  employed,  some  modifica- 
tions were  found  necessary,  both  in  the  instrument  and  in  the 
mode  of  observation.     A  Duboscq  spectroscope  with  a  single 

Erism  was  employed,  the  telescope  and  collimator  of  which 
ave  a  clear  aperture  of  2*4  centimeters.  The  magnifying 
power  of  the  former  is  nine  diameters.  The  instrument  is  thus 
well  fitted  to  ensure  the  first  requisite  for  the  purpose  in  view, 
namely  that  of  admitting  a  large  beam  of  light,  without  too 
great  dispersion.  The  positions  of  the  spectral  lines  are  ordi- 
narily measured  by  means  of  an  illuminated  scale,  which  is  of 
such  a  size  that  about  165  divisions  are  covered  by  the  solar  spec- 
trum ordinarily  visible.  The  image  of  the  slit,  when  the  latter 
is  one  millimeter  wide,  covers  8*2  divisions ;  when  it  covers  a  sin- 
gle scale  division,  the  breadth  of  the  slit  is  0122  millimeter.  As 
it  was  found  that  an  illumination  sufficient  to  render  the  scale 
visible  would  greatly  weaken,  if  not  obliterate,  the  faint  spec- 
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tram  to  be  measured,  it  was  necessary  to  employ  some  method 
of  fixing  scale-positions  without  recourse  to  the  use  of  a  light, 
and,  in  met,  it  was  found  indispensable  to  exclude  all  artificial 
lights  from  the  neighborhood  of  the  instrument  during  the 
observations,  and  for  some  time  previous,  on  account  of  their 
efiFect  in  blunting  the  sensibility  of  the  retina. 

The  means  employed  in  securing  these  desiderata  constitute 
the  principal  modification  introduced,  and  were  as  follows. 
The  short  joint  connecting  the  eye-piece  with  the  sliding  tube 
of  the  telescope  was  removed,  and  another  substituted  for  it, 
which  was  pierced  on  each  side  with  a  narrow  opening.  In 
this,  and  perpendicular  to  the  axis  of  the  tube,  was  firmly 
fixed  a  small  rectangular  frame,  in  which  are  two  slides,  or  dia- 
phragms, moved  by  fine  screws  passing  through  the  ends  of 
the  frame.  The  latter  is  of  sufficient  length  to  allow  each  slide 
to  traverse  the  entire  field.  The  inner  ends  of  the  slides  termi- 
nate in  sharp,  straight  edges  perpendicular  to  their  line  of 
motion.  When  in  place,  they  are  so  adjusted  as  to  be  accu- 
rately in  the  focus  of  the  eye-piece.  Thev  are  thus  seen  pro- 
jected upon  the  scale,  and  sharply  defined,  when  the  latter  is 
illuminated.  By  turning  the  tube  the  terminal  edges  are  made 
accurately  parallel  with  the  lines  of  the  spectruuL  As  these 
are  somewhat  curved  in  the  passage  of  the  rays  through  the 
prism,  the  scale  was  placed  in  the  middle  of  the  field,  and  the 
measurements  made  from  the  middle  point  of  the  slides,  or,  in 
some  instances,  the  ends  of  the  slit  were  covered  with  bits  of 
paper,  reducing  the  spectrum  to  such  a  breadth  that  the  curva- 
ture was  small  enough  to  be  neglected. 

Before  making  an  observation,  the  instrument  was  carefully 
adjusted,  and  the  scale  so  placed  that  the  division -mark  50 
coincided  with  the  more  refrangible  edge  of  the  sodium  line, 
inasmuch  as  only  one  of  the  sides  of  the  slit  is  movable,  and 
on  opening  it  the  image  widens  toward  the  red  end  only.  For 
the  same  reason,  in  fixing  the  limits  of  the  spectrum,  the 
breadth  of  the  slit  must  be  added  to  the  scale-number  on  the 
less  refrangible  side,  in  order  to  reduce  the  dimensions  of  the 
spectrum  to  what  they  would  be  with  a  linear  slit  The  situa- 
tion of  anv  point  in  the  spectrum,  however  faint,  could  be 
determinea  with  a  good  degree  of  accuracy  by  moving  the 
diaphragms  up  to  it,  and  then,  on  illuminating  the  scale,  read- 
ing its  position  by  the  scale- numbers.  In  the  case  of  well- 
defined  lines,  like  that  of  the  auroral  spectrum,  the  error  is 
not  greater  than  half  a  division  of  the  scale,  and,  with  care- 
fully repeated  determinations,  may  be  made  considerably  less 
than  this. 

In  making  the  observations  upon  the  zodiacal  light,  the  same 
method  was  pursued  as  in  the  investigation  upon  its  polarisa- 
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tion,  previously  mentioned.  The  room  was  not  lighted,  ex- 
cept by  the  diflPose  illumination  from  the  sky,  and  care  was 
taken  to  keep  the  eye  secluded  fix)m  all  bright  lights  for  a  con- 
siderable time  before  each  observation.  The  central  portion  of 
the  spectroscope  was  wrapped  round  with  black  cloth  to  pre- 
vent the  entrance  of  any  stray  light  During  the  progress  of 
the  work  attention  was  specially  directed  to  three  points,  which 
it  seemed  important  to  aetermine.  These  were,  first,  to  find 
the  limits  of  the  continuous  spectrum  which  is  always  seen, 
and  to  obtain  data  for  comparison  with  ordinary  sunlight  and 
with  twilight ;  second,  to  ascertain  whether  or  not  the  bright 
line,  which  is  sometimes  visible,  is  constantly  present  and  be- 
longs to  the  zodiacal  spectrum ;  third,  to  discover  whether 
there  is  any  connection  between  the  zodiacal  light  and  the 
polar  aurora.  A  record  was  kept  of  the  circumstances  of  the 
different  observations,  and  of  the  state  of  tlie  sky  at  the  time 
they  were  mada 

W  ith  regard  to  the  first  of  these  questions,  repeated  exam- 
ination showed,  as  has  been  found  by  other  observers,  that  the 
proper  spectrum  of  the  light  is  a  continuous  one.  A  bright 
line  is,  indeed,  sometimes  seen,  but,  for  reasons  given  below, 
it  cannot  be  regarded  as  belonging  to  the  zodiacal  light  In 
its  general  appearance  the  spectrum  is  not  different  from  that 
of  faint  daylight  or  of  twilight  It  extends  from  somewhat 
below  D  to  near  G.  In  order  to  fix  its  dimensions  more  defi- 
nitely, an  extended  series  of  observations  was  made,  and  the 
limits  in  both  directions  were  determined  with  great  care. 
The  slides  were  usually  moved  so  as  to  cut  off  the  visible  part 
of  the  spectrum  by  degrees,  until  it  could  no  longer  be  seen, 
by  any  effort  of  vision,  and  the  positions  of  the  limits  of  visi- 
bility were  afterward  read  off  on  the  scale.  These  varied 
somewhat  with  the  state  of  the  atmosphere,  but  the  determina- 
tions made  on  the  best  nights  agreed  very  well  with  each  other. 
For  the  purpose  of  comparison,  those  were  selected  which  were 
found  on  a  few  of  the  clearest  nights.  The  width  of  the  slit, 
in  all  these  cases,  was  ten  divisions  of  the  scale,  or  1*22™™" 
Adding  ten  to  the  readings  at  the  lower  or  red  end,  as  a  correc- 
tion for  the  breadth  of  the  slit,  the  numbers  are  as  follows : 

Lower  limit,     64,       62*5,  67*7,  67*5,  50;  mean,  64*35. 
Upper  limit,  123-6,  119-6,  120,  124,  120;  mean,  121-4. 

Since  the  intensity  near  the  limits  declines  by  almost  insen- 
sible gradations,  and  the  circumstances  of  the  observations  at 
different  times,  as  atmospheric  conditions,  sensibility  of  the 
eye,  and  the  like,  are  subject  to  slight  variations,  too  great 
weight  must  not  be  attached  to  the  mean  values.  They  do  not 
indicate  the  absolute  bounds  of  the  spectrum,  but  simply  the 
points  beyond  which,  in  general,  the  light  is  too  feeble  to  pro- 
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duce  a  definite  and  constant  visual  impression.  They  may  serve 
for  comparison  with  those  of  other  spectra  measured  in  the  same 
way.  it  could  plainly  be  seen,  on  slowly  moving  the  slides 
toward  the  end  of  the  spectrum,  and  just  before  it  ceased  to  be 
visible,  that  the  light  extended  a  considerable  distance  beyond 
them,  as  much  perhaps  as  ten  or  fifteen  divisions  of  the  scale 
The  position  of^ maximum  brightness  was  merely  estimated, 
and  was  not  perceptibly  different  from  that  of  the  twilight  spec- 
trum. The  extent  and  general  form  of  the  spectrum  are  shown 
in  the  accompanying  plate  (Plate  ill),  where  it  is  marked  L 
The  appearance  of  the  spectrum,  as  seen  when  the  slit  had  a 
breadth  of  only  two  scale-divisions,  is  represented  in  No.  V, 
but  the  limits  there  indicated  are  less  certain  than  those  ob- 
tained in  the  other  cases. 

A  number  of  measurements  were  made,  in  the  same  manner, 
of  the  spectrum  obtained  with  light  from  the  skv.  It  was 
admitted  through  a  circular  opening,  l-75°"-  in  diameter,  in 
the  shutter  of  a  darkened  room,  and  fell  upon  a  piece  of  white 
caixi-board  some  eight  feet  distant,  a  few  inches  from  which 
was  placed  the  slit  of  the  spectroscopy  After  a  somewhat 
prolonged  stay  in  the  darkness,  the  spectrum  was  seen  with 
sufficient  distinctness  t^)  allow  of  good  determinations.  Its 
brightness  was  very  nearly  the  same  as  that  of  the  zodiacal 
light,  apparently  a  little  greater.  The  breadth  of  the  slit 
was  as  oefore  ten  divisions.  The  mean  of  five  experiments 
gave,  for  the  upper  limit,  the  scale-number  132*5;  for  the 
lower,  as  observed,  45'6,  or,  corrected  for  the  breadth  of 
the  slit,  55*6.  The  lower  limit  corresponds  very  nearly  with 
that  of  the  zodiacal  spectrum,  but  the  upper  one  is  slightly 
higher.  The  difference  is  undoubtedly  due  to  the  fiwt 
that  the  light  reflected  from  the  sky  contains  a  relatively 
larger  proportion  of  the  blue  rays,  wliiich  would  somewhat  in- 
crease the  comparative  intensitv  at  that  end  of  the  spectrum. 
It  is  what  we  should  expect  irom  the  fact  that  the  zodiacal 
light  traverses  the  atmosphere,  while  the  other  is  reflected  from 
it  The  discrepancy  is  very  slight,  however,  and  would  hardly 
be  detected  in  the  ordinary  method  of  observing  the  spectra. 
The  maximal  point  was  not  ea^ay  to  fix,  on  account  of  the  very 
gradual  variation  of  intensity,  but  was  between  70  and 
80,  apparently  somewhat  nearer  the  former.  It  is  placed  at 
74:  on  the  plate,  spectrum  IV. 

Observations  on  light  from  the  moon,  and  upon  twilight^ 
showed  that  their  spectra  correspond  even  more  closely  with 
that  of  the  zodiacal  light.  In  the  case  of  the  former,  the  lunar 
rays  were  received  upon  a  white  unglazed  card  placed  a  few 
inches  in  front  of  the  slit  The  latter  being  narrowed  to  two 
scale-divisions,  the  limits  were  found  to  be  47  and  186"6,  the 
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lint  of  greatest  intensity  lying  between  70  and  80,  and  evi- 
tntly  nearer  the  former.  Similar  results  were  obtained  with 
flight,  the  lower  and  upper  limits,  obtained  with  a  slit  cover- 
g  two  divisions,  being  50  and  184*6,  respectively.  The  lower 
nits  in  each  case  were  corrected  by  adding  the  breadth  of  the 
It 

The  accompanying  plate  exhibits  the  general  character  of  the 
diacal  spectrum,  and  its  relation  to  those  with  which  com- 
.rison  was  mada  The  correspondi^  portion  of  the  solar 
ectrum,  with  a  few  of  the  principal  Fraunhofer  lines,  is  rep- 
aented  at  the  bottom,  as  a  standard  of  reference,  and  to  show 
e  position  and  value  of  the  divisions  of  the  scale  used  in  the 
strument,  the  numbers  of  which  are  placed  above  the  lines. 
le  band  between  50  and  60,  marked  6^  is  atmospheric,  and  its 

Bkje  is  determined  from  Prof.  Angstrom's  chart,  and  from  Dr. 
nssen's  diagram  of  the  telluric  lines.  It  is  the  band  seen  on 
veral  occasions  when  a  very  narrow  slit  was  used,  as  mentioned 
low.  The  line  marked  a  is  the  principal  line  of  the  auroral 
ectrum,  sometimes  referred  to  the  zodiacal  spectrum,  as  stated 
a  previous  paragraph.  The  wave-lengths,  corresponding  to 
ints  in  the  spectroscopic  scale,  for  intervals  of  five  divisions, 
3  given  in  the  following  table. 


Scala 

WATe-length. 

ScAle 

Waye-lengtli. 

Scale 

WATe-lem 

Mo. 

No. 

t 

No. 

40 

6266 

76 

6216 

110 

4606 

46 

6064 

80 

6111 

116 

4638 

60 

6889 

86 

6012 

120 

4472 

66 

6726 

90 

4919 

125 

4409 

60 

6683 

96 

4831 

130 

4362 

66 

6461 

100 

4761 

136 

4298 

70 

6329 

106 

4677 

140 

4246 

The  curves  represent  the  relative  extent  and  intensity  of  the 
served  spectra,  in  their  different  parts,  by  the  length  of  the 
(responding  ordinates,  in  the  usual  way,  the  shaded  portion 
ing  that  which  was  actually  measured,  and  the  unshaded  pro- 
igations  roughly  indicating  the  apparent  extent,  as  estimated 
fore  the  light  had  fully  disappeared.  No.  L  represents  the 
jctrum  of  the  zodiacal  light;  No.  II.  that  of  twilight;  No. 
L  that  of  moonlight;  No.  IV.  that  of  light  from  the  sky; 
).  V.  that  of  the  zodiacal  light  with  narrow  slit  No.  VI.  is 
pied  from  Prof.  Piazzi-Smyth's  chart,*  and  represents  the 
tent  of  the  zodiacal  spectrum,  as  found  in  his  observations, 
th  a  broad  slit,  and  with  a  reference  spectrum  in  the  field. 
[n  attempting  to  fix  the  brightest  points  of  the  spectra  it 
s  observed,  that  when  diffused  sunlight  is  directly  ooserved 
th  the  spectroscope,  and  simply  weakened  by  narrowing  the 
;,  the  maximum  is  near  50  of  the  scale.     The  apparent  ex- 

*  Monthly  Notices  of  the  Royal  Ast.  Soc.,  June,  1872,  p.  277. 
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tent  of  the  spectrum  is  not  much  lessened,  and  the  different 
colors  are  still  perfectly  distinct  In  the  case  previously  men- 
tioned, where  light  from  the  sky  was  received  into  a  darkened 
room,  and  rendered  extremely  feeble,  the  result  was  different 
The  distinction  of  colors  was  nearly  or  quite  impossible,  and 
the  extent  of  the  spectrum  much  diminished.  The  red  rayn 
had  become  almost  too  faint  to  affect  the  eye  sensibly,  and  the 
apparent  point  of  greatest  intensity  had  perceptibly  moved  up- 
ward, an  effect,  which  is,  of  course,  cniefly  subjectiva  lis 
position  was  found  in  various  ways,  as  by  moving  the  slides 
over  the  fiiint  spectrum  till  their  edges  were  most  distinctly 
seen,  or  by  observing  the  highest  point  of  the  curve  which  » 
formed  by  the  boundary  of  the  spectrum,  when  produced  with 
a  wedge-shaped  slit  or  when  a  thin  hollow  wedge  of  glass  filled 
with  ink  was  placed  before  the  slit  Repeated  determinations 
of  its  place  snowed  that  it  was  between  70  and  80,  but  nearer 
the  former,  and  in  the  plate  it  is  placed  at  74.  This  is  perhaps 
a  little  too  high,  but  it  is  the  bt'st  approximation  the  difficulty 
of  the  determination  allowed.  Quite  the  same  result  was  found 
with  moonlight  and  twilij^ht,  and  the  maximum  was  sensibly 
at  the  same  point  as  with  light  from  the  sky.  In  some  even- 
ings during  the  early  portion  of  the  investigation,  observations 
were  begun  before  the  close  of  twilight,  and  continued  upon 
the  zodiacal  light  until  it  was  certain  that  the  former  had  en- 
tirely ceased,  if  any  considerable  difference  in  the  maxima  of 
the  two  sources  of  light  exists,  it  could  not  have  been  over- 
looked, but  none  was  ever  perceptible. 

With  respect  to  the  second  point  of  the  inouiry,  evidence 
was  obtained  which  leaves  little  doubt  that  tne  bright  hne 
which  has  been  occasionally  seen,  does  not  belong  to  the  spec- 
trum of  the  zodiacal  light  If  the  negative  evidence  of  scores 
of  observations  in  which  it  could  not  be  detected  is  insufficient 
there  are  facts  which  satisfactorily  explain  its  presence  on  the 
few  occasions  when  it  has  appeared.  Both  Prof.  Smyth  *  and 
M.  Liais,t  who  have  made  careful  observations,  deny  that  it 
belongs  to  the  zodiacal  spectrum,  and  the  former  gives  a  con- 
clusive explanation  of  its  supposed  existence  there.  It  is 
sufficient  to  recall  the  fact  that  the  light  which  gives  the 
auroral  line  is  essentially  monochromatic,  and  would  be  visible 
in  the  spectroscope  even  when  with  the  naked  eye  it  could  not 
be  detected  in  the  general  illumination  of  the  sky,  as  it  would 
not  be  weakened  by  dispersion  like  the  latter,  and  would  hence 
be  relatively  intensified.  In  the  course  of  the  many  observa- 
tions made  bv  the  writer,  the  line  was  visible  on  three  even- 
ings,  but  on  each  of  these  occasions  there  was  an  aurora,  which 
on   one  of  the  evenings  had  a  considerable  intensity.      The 

*  Monthly  Notices  of  Royal  Ast  8oa,  loa  dt 
f  Comptes  Bendus,  Tom.  74,  18*72,  p.  262. 
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whole  sky  was  more  or  less  luminous,  either  by  direct  auro- 
ral action,  or  by  reflection  of  the  light  thus  produced.  The 
bright  line  could  be  plainly  seen  wherever  the  instrument 
was  pointed,  and  its  position  was  found  to  be  exactly  the  same, 
whether  the  light  was  derived  from  the  zodiacal  region,  or 
directly  from  the  aurora.  On  the  other  hand,  the  bright  line 
was  never  seen  when  there  was  no  aurora. 

It  remains  to  consider  the  question  whether  there  is  a  con- 
nection of  any  kind  between  the  zodiacal  light  and  the  polar 
aurora.  The  considerations  mentioned  above  do  not  absolutely 
exclude  the  possibility  that,  simultaneously  with  the  aurora, 
and  with  a  certain  dependence  upon  it,  some  luminific  pro- 
cess may  be  going  on  m  space,  which  would  cause  the  bnght 
line  to  appear  in  the  zodiacal  spectrum,  however  improbable 
such  a  supposition  may  be.  But  if  there  were  no  better 
reason,  the  general  invariability  of  the  zodiacal  light  from 
night  to  night,  and  the  constancy  of  its  presence  through- 
out all  the  months  of  the  year,  sufficiently  indicate  for  it 
a  different  cause.  Moreover,  on  at  least  two  of  the  evenings 
when  only  a  continuous  spectrum  was  seen,  there  was  an 
aurora,  moderately  bright,  though  not  extending  to  any  great 
distance  from  the  horizon.  If  the  two  were  in  any  way  related, 
we  should  expect  some  variation  in  the  zodiacal  light  coinci- 
dent with  the  appearance  of  remarkable  auroral  displays,  but 
it  does  not  appear  that  any  such  thing  has  ever  been  observed. 
There  seems  to  be  no  evidence  that  they  are  not  entirely  inde- 
pendent phenomena. 

One  or  two  additional  observations  may  be  mentioned  here 
as  of  interest.  On  several  occasions  when  the  slit  of  the  spec- 
troscope had  a  breadth  of  only  two  or  three  divisions,  the 
spectrum  at  the  first  glance  appeared  to  end  suddenly  at  about 
54  of  the  scale.  Further  examination  showed  light  beyond, 
and  that  the  apparent  abruptness  of  its  termination  was  caused 
bv  a  dark  band  of  about  the  width  of  the  slit,  which  was  found 
to  occupy,  as  nearly  as  could  be  estimated,  the  exact  position 
of  the  baud  marked  d  in  the  plate.  It  is  doubtless  identical 
with  it,  and  caused  by  atmospheric  absorption. 

The  spectrum  on  the  most  flivorable  nights  was  still  visible 
when  the  slit  was  narrowed  to  one  division  of  the  scale,  and  on 
one  occasion  the  opening  was  reduced  to  0*6  of  a  division,  that 
is,  to  an  actual  breadth  of  0*073"™*  before  the  light  became 
imperceptible.  As  the  principal  Fraunhofer  lines  are  distinctly 
seen  witn  sunlight  when  the  slit  is  even  wider  than  one  division, 
it  appears  very  probable  that  these  lines  may  yet  be  detected  in 
the  zodiacal  spectrum.  Especially  is  this  to  be  hoped  for,  if 
observations  snould  be  made,  in  the  manner  described,  in 
lower  latitudes,  where  the  intensity  of  the  light  is  known  to  be 
much  greater. 
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The  statements  made  in  the  previous  article,  in  reference  to 
the  zodiacal  spectrum,  are  satismctoriljr  established  by  the  re- 
sults of  these  observations,  from  which  we  may  draw  the 
following  conclusions. 

1.  The  spectrum  of  the  zodiacal  li^ht  is  continuous  and  is 
sensibly  the  same  as  that  of  faint  sunlight  or  twilight 

2.  No  bright  line  or  band  can  be  recognized  as  oelonging  to 
this  spectrum. 

3.  There  is  no  evidence  of  any  connection  between  the  zodi- 
acal light  and  the  polar  aurora. 

The  deduction,  drawn  from  the  fact  of  its  polarization,  that 
the.  zodiacal  light  is  derived  from  the  sun,  and  is  reflected  from 
solid  matter,  is  thus  strengthened  and  confirmed  by  the  identity 
of  its  spectrum  with  that  of  solar  light  A  discussion  of  the 
distribution  of  the  reflecting  matter  in  space  is  reserved  for 
another  article. 

Ya]6  Oollege,  June  6,  1874. 


Art.  VII. — On  the  Age  of  the  Copper-bearing  Bocks  of  Lake  Su- 
perior ;  and  on  the  Westward  Continuation  of  the  Lake  Superior 
Synclinal;  by  Boland  Irving. 

During  the  summer  and  fall  of  1878, 1  was  in  charge  of  a 
geological  exploration  of  northern  Wisconsin,  including  the 
three  counties  which  border  on  Lake  Superior,  on  behalf  of  the 
State  Geological  Survey.  This  is  a  region  but  little  known,  it 
being  for  the  most  part  unbroken  forest,  and  without  inhabi- 
tants except  in  three  or  four  small  towns  immediately  on  the 
lake  shore,  the  whole  coast  line,  exclusive  of  islands,  having 
a  length  not  far  from  one  hundred  and  twenty  miles.  It  has 
been  very  little  examined  geologically.  Portions  were  visited 
and  described  by  members  of  the  various  corps  under  Dr.  D.  D. 
Owen,  1848-50 ;  the  easternmost  of  the  three  counties,  that  of 
Ashland,  having  received  the  most  attention.  Its  general  geo- 
logical and  topographical  features  are  very  briefly  described  by 
Colonel  Chas.  W  hittlesey,  in  the  final  report  of  l)r.  Owen,  tn 
I860,  Colonel  Whittlesey  again  visited  Ashland  County  on 
behalf  of  the  Geological  Survey  of  Wisconsin,  then  organized 
under  Mr.  James  Hall.  The  results  of  his  investigations  were 
never  published  by  the  State,  although  some  of  them  have  ap- 
peared in  pamphlet  form  and  in  transactions  of  scientific  socie- 
ties. Since  that  time  no  further  examinations  of  the  region 
have  been  made. 


R,  Irving — Copper-hearing  Bocks  of  Lake  Superior.        47 

L  Age  of  the  Copper-bearing  Series. 

Recent  observations  by  Messrs.  Brooks  and  Pumpelly  *  in 
the  Upper  Peninsula  of  Michigan,  and  by  members  of  the  Can- 
ada Geological  Survey  on  the  Canada  side  of  Lake  Superior,  go 
far  toward  proving  a  aissimilarity  in  age  between  the  **  Copper- 
bearing  Series"  of  those  regions  and  the  accompanying  sand- 
stones known  to  be  Lower  Silurian,  two  groups  always  before 
supposed  to  be  identical  in  aga  My  own  investigations  in  north- 
em  Wisconsin,  and  those  of  my  assistant,  Mr.  E.  T.  Sweet,  have 
developed  facts  which  are  very  interesting  in  this  connection, 
and  it  would  seem  not  unlikely  that  in  this  region  is  to  be 
found  the  key  to  the  whole  problem. 

Since  these  facts  are  not  to  be  published  officially  for  some 
time  to  come,  and  since  there  are  still  investigations  going  on 
in  the  adjoining  States  and  in  Canada,  it  has  been  thought 
proper  to  make  public  the  most  important  of  them.  It  is  not 
proposed  to  attempt,  in  this  paper,  any  general  discussion  of  the 
mteresting  question  of  the  age  of  the  copper-bearing  rocks,  but 
merely  to  give  the  facts  that  have  been  obtained,  and  to  draw 
the  conclusions  toward  which  they  seem  to  point 

Four  gi-and  groups  of  rock  are  found  in  northern  Wisconsin: 
Laurentian  granites,  gneiss  and  schists ;  Euronian  slates,  schists, 
diorites,  etc. ;  the  traps,  sandstones,  conglomerates,  melaphyres 
and  slates  of  the  Copper-hearing  Series;  and  Lower  Silurian 
sandstones.  Besides  these  there  are  immensely  thick  deposits 
of  Quaternary  clays,  and  of  Bowlder  Drift 

1.  The  Laurentian  Bocks  (underlying  the  area  marked  I  on  the 
map),  are  always  farthest  removed  frem  the  lake,  never  being 
nearer  to  it  than  eighteen  miles,  in  Wisconsin,  and  generally 
being  much  more  distant  than  this.  So  far  as  yet  observed, 
these  Laurentian  rocks  are  granitic,  gneissoid  and  syenitic  in 
character,  although  without  doubt  schistose  beds  occur,  since 
these  are  found  just  east  of  the  eastern  line  of  the  district 
within  the  area  of  the  Upper  Peninsula  of  Michigan.f  In 
northern  Wisconsin  the  rocks  of  this  group  are  everywhere 
overlaid  by  enormous  accumulations  of  Drifl  material,  snowing 
thrcugh  this  covering  in  but  very  few  places.  Amongst  these 
Drift  heaps,  and  in  the  swamps  which  everywhere  cover  the 
surface  of  the  country  between  them,  the  streams  flowing  north- 
ward into  Lake  Superior,  and  those  flowing  southward  into  the 
Mississippi,  interlock  in  an  intricate  manner,  the  former — in  a 
distance  often  not  more  than  thirtv  miles  from  their  sources  to 
the  lake — falling  as  much  as  600  or  700  feet  From  this  it  can  be 
seen  that  their  currentsmust  be  broken  by  numerous  chutes  and 
falls,  which  is  the  case ;  many  of  the  single  falls  reaching  a 

^  This  Journal,  June,  1872. 

f  T.  B.  Brooks,  **  Geology  of  Upper  Peninsula,"  1873. 
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height  of  60  or  70  feet,  whilst  in  one  case,  that  of  Black  Biver, 
in  Douglass  County,  the  height  of  a  single  fall  is  160  feet 

2.  1%e  Huronian  Rocks  (ii  on  the  map  and  section),  which 
directly  overlie  the  Laurentian — and  unconformablv,  as  shown 
by  Brooks  and  Pumpelly,  from  observations  made  by  them,  in 
Michigan,  just  east  of  the  Wisconsin  line — constitute  in  Ashland 
County  a  continuous  narrow  belt,  whose  central  portion  is  the 
well  known  "  Penokie  Iron  Range,"  and  whose  width  never 
exceeds  two  miles,  being  usually  much  less  than  this.  This 
belt  extends  without  break  into  Michigan  almost  as  far  as  Lake 
Gogebic,  where  the  rocks  are  lost  sight  of,  being  covered  by 
accumulations  of  drift,  and  finally  by  horizontal  Silurian 
rocks.  They  do  not  re-appear  until,  one  hundred  miles  farther 
east,  the  Marquette  iron  region  is  reached.  Here  they  are 
found  again  with  some  important  changes,  Jind  covering  a  much 
wider  extent  of  territory.  Toward  its  western  extremity  the 
IIiiTOnian  belt  appears  to  come  to  an  abrupt  ending,  the  under- 
lying Laurentian  and  overlying  Copper-bearing  Series  coming 
togt'tlier.  Farther  west,  however,  just  on  the  west  side  of  Ash- 
land County,  are  two  isolated  belts  of  these  rocks,  in  every 
way  similar  to  the  main  area,  each  having  in  the  same  manner 
its  central  ridge.  As  to  the  continuation  still  farther  west- 
ward of  the  Huronian,  nothing  whatever  is  known,  as  is  in- 
dicated on  the  map  by  an  interrogation  point  The  rocks  of 
this  group  in  nortnern  Wisconsin  are  siliceous  schists,  talco- 
siliceous  schists,  black  slates  of  undetermined  composition, 
white  quartz  rocks,  quartzites.  magnetic  and  specular  schists  of 
various  kinds,  magnetic  and  specular  iron  ores,  diorites,  diorite 
slates  and  diorite  schists.  The  beds  of  one  portion  of  the 
group,  about  five  hundred  feet  in  actual  thickness  and  continu- 
ous for  over  thirty  miles,  are  impregnated  throughout  with  the 
specular  and  magnetic  oxides  of  iron  in  proportions  varying 
from  one  or  two  per  cent  up  to  sixty  and  eighty  per  cent  of  the 
whole.  The  entire  series  has  a  nearly  uniform  dip  west  of 
north,  generally  at  a  very  high  angle.  The  thickness  never 
varies  far  from  4,000  feet  a  figure  obtained  by  actual  measure- 
ment 

3.  Tlie  Copper 'hearing  Rocks  (marked  III  a,  J,  c,  (/,  e,  /  on  the 
accompanying  map  and  sections). — In  Ashland  County,  next 
north  of  and  immediately  overlying  the  Huronian,  come  the 
enormously  thick  beds  of  the  Copper-bearing  Series,  which 
have — including  nil  subdivisions — an  apparent  thickness  of  as 
much  as  four  miles,  and  even  more  tnan  this  on  the  extreme 
cast.  These  rocks  form  a  broad  belt  in  Ashland  County,  which 
is  widest  at  its  eastern  end.  narrowing  toward  the  west,  and  at 
the  same  time  receding  from  the  lake  shora  The  most  westerly 
known  portion  of  the  belt  is  at  Long  Lake,  in  the  southern  end 
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of  Bayfield  County.  Eastward  of  the  Montreal  River,  in 
Michigan,  the  belt  separates  into  two:  the  main  area,  which 
continues  without  interruption  to  the  end  of  Keweenaw  Point; 
and  the  "  South  Mineral  Range,"  which  lies  to  the  southward 
of  the  main  belt,  and  follows  the  Huronian  rocks  eastward. 
The  latter  belt  runs  out  in  its  eastern  extension.  Between 
it  and  the  main  area  lie  horizontal  Silurian  sandstones. 

The  southernmost  (iii  a)  portion  of  the  group  in  Ashland 
County  covers  the  broadest  area.  It  includes  rocks  always 
highly  crystalline,  generally  very  coarsely  so,  and  of  such  vana- 
tion  in  mineral  constituents,  texture,  etc,  that  I  have  not  yet 
attempted  to  name  all  the  varieties,  nor  even  a  considerable  por- 
tion of  them.  Nearly  all  of  them  can,  however,  be  included  in 
two  or  three  general  kinds;  labradorite,  orthoclase,  feldspar, 
hornblende,  and  some  varieties  of  pyroxene,  seeming  to  be  the 
chief  ingredients.  The  indications  of  bedding  in  this  portion 
of  the  series  are  seldom  to  be  seen,  but  where  they  are  appar- 
ent, are  marked,  and  point  toward  entire  conformability  with 
the  underlying  Huronian. 

Next  north  of,  and  immediately  overlying,  the  rocks  just 
described  are  the  beds  of  that  portion  of  the  group  which  I 
have  designated  ill  i,  c,  rf,  on  the  map.  These  are  a  series  of 
alternating  beds  of  trap,  mostly  melaphyres,  but  of  very  varying 
characters,  being  both  amygdaloidal  and  compact,  black,  darS 
green,  brownish  red,  bricK-red  and  light  pink  in  color,  and 
always  crypto-crystalline ;  and  in  the  upper  portions,  beds  of  a 
very  remartable  conglomerate  (ill  c),  together  with  a  great  thick- 
ness of  sandstone  and  shale  (ill  d).  These  sandstone  and  con- 
glomerate beds  do  not  altogether  overlie  the  trappean  beds,  but 
are,  near  the  junction,  directly  and  unmistakably  interstratified 
with  them.  There  is  a  sort  of  gradation  from  the  trap  to  the 
sandstones,  the  layers  of  the  latter  nearest  the  trap  being  made 
up  of  coarse  trap-sand,  whilst  on  receding  from  it  they  become 
more  and  more  like  the  horizontal  aluminous  red  sandstones 
of  the  Apostle  Islands.  The  entire  series,  traps,  conglomerates, 
sandstone  and  shales,  have  a  verv  high  dip  to  the  northward, 
which  is  never  less  than  85®,  and  often  reaches  the  perpendicular. 

The  sandstone,  conglomerate,  and  shale  beds  have  not  as  yet 
been  seen  west  of  Bad  River,  in  Ashland  County,  but  the 
traps  can  be  traced  uninterruptedly  westward  as  far  as 
Long  Lake  in  Bayfield  County.  The  traps  of  this  group 
are  also  largely  developed  in  Douglas  County,  and  there  are 
sandstone  beds  believed  to  belong  to  the  Couper- bearing  Series 
in  another  part  of  Ashland  County,  as  will  be  mentioned  far- 
ther on. 

4.  Lower  Silurian  Sandstones  (iv  on  the  map  and  section). — 
North  of  the  north  line  of  that  portion  of  the  Copper- bearing 
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Group  just  described — which  line  is  also  the  northerly  edge  of 
the  mountainous  portion   of  Ashland  County — is  a  country 
having  the  general  character  of  a  plain,  though  much  worn  into 
gullies  near  the  main  water-courses.     This  plain  extends  to  the 
shores  of  Lake  Superior,  being  widest  on  the  west,  and  narrow- 
ing to  a  point  on  the  east  at  the  mouth  of  the  Montreal  River, 
where  the  elevated  country  reaches  the  water's  edga      This 
plain  is  everywhere  underlaid  by  a  very  thick  mass — ^200  feet 
or  more — of  a  peculiar  red  marly  clay,  which    carries  a  few 
rounded  boulders  and  pebbles  of  erratic  rocks,    and   which 
appears  to  be  overlaid  by  the  regular  boulder  drifl  wherever 
the  two  come  into  contact     The  rivers  and  their  branches  cat 
deep  valleys  into  these  clays,  often  showing  banks  as  much  as 
loo  feet  high ;  but  only  in  four  places  have  any  rocks  in  place 
been  seen  within  this  area  in  Ashland  County.     At  A,  on  a 
small  stream  called  Silver  Creek,  there  is  an  exposure  of  hori- 
zontal red  sandstone  and  shale,  having  the  usual  appearance  of 
the  sandstone  and  shale  of  the  Apostle  Islands.     This  locality 
of  horizontal  sandstone  is  only  tnree-quarters  of  a  mile  north 
of  the  trap  exposures  on  the  same  stream.     The  dipping  sand- 
stones ana  shales  do  not  show  in  this  vicinity ;  but  four  miles  east 
thev  are  apparent  in  great  force,  having  a  dip  of  ninety  degrees, 
and  a  thickness  of  hundreds  of  feet  in  sight     No  other  exposure 
of  horizontal  sandstone  has  yet  been  seen  on  the  mainland  of 
Ashland  County,  either  on  its  coast  or  inland.     On   the  coast 
of  Bayfield  County,   however,  along  its  entire  length,  expo- 
sures are  numerous,  as  also  on  the  Apostle  Islands,  of  which 
the  horizontal  sandstones    are  always  the  substructure,  and 
where  the  exposures  are  oflen  bold  and  precipitous.     These 
sandstones  are  everywhere  the  same,  alternating  heavy-bedded 
and  thin  bedded,  of  a  prevailing  red  or  reddish  brown   color, 
with  here  and  there  ligliter-colored  portions  in  patches;  hut 
always  much  lighter  in  color  than  tlie  tilted  sandstones  associated 
with  the  traps. 

That  these  horizontal  sandstones  are  the  same  as  those  of  the 
Pictured  Bocks,  the  eastern  side  of  Keweenaw  Point,  and  the 
Silurian  basin  which  extends  inland  from  Keweenaw  Bay 
nearly  as  far  west  as  the  Montreal  Eiver,  is  not  absolutely 
proven  ;  the  two  areas  of  horizontal  sandstones  of  east  and 
west  Lake  Superior  being  nowhere  connected,  but  always  sep- 
anited  by  ro»'ks  of  the  Copper-bearing  Group.*  That  they  are, 
however,  the  same,  is  extremely  probably  for  the  following 
reasons:  (1)  Because  showing  precisely  the  same  relations 
to  the  Copper-bearing  Seriea  (2)  Because,  on  tracing  them 
westward  and  soutliward  to  the  St  Croix  Eiver  in  western  Wis- 

*  The  distance  between  the  western  end  of  the  eastern  area^  near  the  Montreal 
River,  and  the  easternmost  outcrop  of  the  weskm^  is  about  ^'rty-six  miles. 
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consin,  they  appear  to  dip  underneath*  the  lighter-colored  Lower 
Silurian  sandstones  of  the  Mississippi  Valley,  of  which  they 
are  probably  merely  the  downward  continuation ;  thus  showing 
the  same  relation  to  newer  rocks  as  do  the  sandstones  of  east- 
ern Lake  Superior.  (3)  Similar  lithological  characters,  an  ad- 
missible test,  I  suppose,  for  regions  so  close  to  one  another,  and 
for  entirely  undisturbed  rocks. 

At  the  two  points,  marked  ill  f,  in  Ashland  County,  are  ex- 
posures of  dark-red  sandstone,  and  sandy  shale  dipping  sovihward^ 
as  shown  on  the  section.  At  one  of  these  points,  the 
easternmost,  there  is  exposed  a  thickness  of  at  least  2,000  feet 
of  sandsone,  dip|)ing  southward,  at  an  angle  of  88^  This 
great  thickness  is  actual  and  not  due  to  faulting.  The  impres- 
sion that  these  sandstones,  exposed  at  points  more  than  ten  miles 
apart,  are  portions  of  the  northerly  edge  of  a  synclinal,  of  which 
the  vertical  sandstones  to  the  south  form  the  southerly,  is  almost 
irresistible.  This  opinion  is  strengthened  by  (1)  the  aifficulty  of 
accounting  for  so  great  a  thickness  with  so  uniform  a  disturbance, 
at  points  more  than  ten  miles  apart,  by  attributing  this  distur- 
bance to  a  mere  dislocation  of  the  Silurian  sandstones,  which  oc- 
cur horizontal  only  a  few  miles  oflf ;  (2)the  occurrence  of  horizontal 
sandstones  within  the  jaws  of  the  supposed  synclinal ;  (3)  the 
very  great  thickness  of  these  beds,  which  allies  them  closely  to 
the  vertical  beds  on  the  southward,  whose  total  thickness  can- 
not be  less  than  10,000  feet ;  (4)  the  occurrence  of  trap  at  the 
point  marked  ill  e,  a  little  to  the  north  of  the  line  of  the  southward 
dipping  sandstones ;  and  (6)  the  probability,  alluded  to  farther 
on,  that  there  is  somewhere  in  this  region  of  Wisconsin  a 
synclinal,  representing  the  westward  continuation  of  that  exist- 
ing between  Keweenaw  Point  and  Isle  Royale. 

Following  the  shore  of  Lake  Superior  westward  from  the^ 
Apostle  Islands,  the  horizontal  sandstones  can  be  traced  with-- 
')ut  break  until  Douglas  County  is  reached,  when  they  disap-. 
pear  from  the  coast — which  is  here  altogether  of  red  clay  marls — 
but  appear  constantly  in  the  beds  of  the  many  streams  flowing 
northward  into  the  laka     On  ascending  these  streams  to  the 
southward,  the  red  sandstones  can  be  traced  to  their  junction, 
with   the  trappean  beds  of  the  Copper-bearing  Series,  which 
here  dip,  wherever  the  dip  is  observable,  at  a  comparatively  low 
angle  to  the  south.     The  sandstone  beds  continue  horizontal,  or 
with  a  very  slight  dip  northward,  to  within  a  short  distance  of 
the  trap,  when,  in  most  instances,  they  show  a  remarkable 
change.      In    one  case,   however,    they    continue    to   within 
twenty   feet   of    the   trap   without    change,    the    exact   junc- 
tion being  concealed  by  an  eroded  gulley.     At  Black  River, 
for  three  hundred  feet  from  the  trap,  the  sandstone  is  broken  up . 

^  D.  D.  Owen,  Report  on  the  Geology  of  Iowa,  Wiscooain,  and  Minnesota. 
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in  every  conceivable  manner,  the  misplaced  layers  dipping  in 
all  directions,  and  in  its  immediate  vicinity  making  a  sort  of 
brecciated  mass  of  fragments  of  trap  and  sandstona  This  ap- 
pearance is  presented  along  the  perpendicular  side  of  a  goi^ge, 
whose  depth  is  more  than  a  hundred  feet,  and  is  said  by  my 
assistant  Mr.  Sweet,  who  made  all  the  observations  in  Douglas 
County,  to  be  caused,  beyond  question,  by  no  mere  surface  dis- 
placement, but  by  the  general  disturbed  condition  of  the  sand- 
stone. On  passing  down  the  gorge  to  the  westward,  the  sand- 
stone layers  become  gradually  less  irregular,  taking  a  prevailing 
northerly  dip,  until.  800  feet  from  the  trap,  they  grade  imper- 
ceptibly into  the  ordinary  horizontal  beas.  Passing  up  the 
gorge  to  where  the  river  falls  over  the  trap,  with  a  fall  m  all 
over  160  feet  in  height,  the  beds  of  melaphyre  are  found  dipping 
southward  at  a  low  angle.  On  all  of  the  other  streams  examined, 
the  horizontal  undisturbed  layers  of  sandstone  were  found  com- 
ing much  closer  to  the  trap,  but  in  all  except  the  one  already 
cited,  showing  the  same  peculiar  disturbance,  although  on  a 
smaller  scale. 

The  trappean  beds  of  the  Copper-bearing  Group  in  Douglas 
County  have  been  examined  over  the  area  marked  in/ on  the 
map,  where  they  compose  a  well  marked  ridge  known  locallj 
as  the  "Copper  Rang;e."  This  ridge,  with  its  constituent  traps, 
can  be  tracea  some  distance  into  Bayfield  County  on  the  east, 
but  exactly  how  far  is  not  yet  known.  These  trappean  beds 
carry  here  no  intercalated  beds  of  sandstone  and  conglomerate^  and 
have  in  appearance,  texture,  &c.,  more  similarity  to  the  rocks 
of  III  a  in  Ashland  County  than  to  the  more  northerly  beds  of 
III  J.  They  appear,  on  the  whole,  to  be  rather  more  similar  to 
the  traps  of  Isle  Royale  than  to  those  of  Keweenaw  Point,  and 
other  places  on  the  southerly  shore  of  the  lake.  South  of  the 
"  Copper  Range,"  the  county  has  not  been  explored  geologically 
except  on  the  line  of  the  Brul6  River.  It  is  described  as 
swampy  and  comparatively  level,  without  many  rock-exposures. 
The  line  of  the  Bnil6  River  was  explored  by  members  of  Dr. 
D.  D.  Owen's  corps,  and  trappean  beds  found  much  farther  up 
the  stream  (at  a  point  marked  III  x  on  the  map).  Still 
farther  south  the  horizontal  red  sandstones  are  again  found  (at 
points  marked  iv),  and  can  be  traced  southward  until  they  dis- 
appear beneath  the  lighter-colored  layers  of    the  Mississippi 


Having  stated,  as  briefly  as  possible,  the  main  facts  thus 
far  known  of  the  geology  of  northern  Wisconsin,  it  becomes 
necessary,  in  order  to  show  their  bearing  on  the  question  of  the 
age  of  the  Copper-bearing  Series,  to  draw  attention  to  the  fol- 
lowing points.  The  great  belt  of  rocks  of  this  series,  which 
extends  southwestward  from  Keweenaw  Point  to  Long  Lake  in 
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Wisconsin,  forming  the  lake  shore  as  far  as  Montreal  Biver 
and  then  receding  therefrom,  includes  alternating  beds  of 
melaphyres,  basalts,  porphyries,  sandstones  and  conglomerates, 
which  nave  .always  a  northerly  dip,  increasing  gradually  in 
amount  toward  the  west,  from  a  low  angle  on  Keweenaw  Point 
to  a  vertical  position  on  Montreal  and  Bad  Bivers.  In  Ashland 
County  the  most  northerly  portions  are  exclusively  sandstones, 
the  most  southerly  exclusively  traps,  the  whole  group  having  a 
thickness  measured  by  miles,  the  vertical  sandstones  alone  in 
the  uppermost  portion  having  a  thickness  but  little  short  of 
10,000  feet.  Inasmuch  as  the  traps,  sandstones  and  conglomer- 
ates are  directly  and  conformably  interstratified,  and  tilted 
together  at  various  angles,  it  follows  that  the  first  named,  whether 
ejected  in  a  molten  condition  or  not,  must  have  been  originally 
in  a  horizontal  position ;  that  the  uppermost  sandstones  must 
have  been  formed  after  the  last  outflow  of  trap ;  and  hence,  that 
the  present  tilted  position  of  the  sandstones  was  not  caused  by 
trappean  ejections,  but  that  the  traps  themselves  were  tilted  by 
the  same  force  that  tilted  the  sandstones  and  at  the  same  time. 
In  other  words,  tltis  whole  group  has  undergone  an  ordinary  re- 
gional disturbance,  and  the  finding  ofhoriTumtal  beds  in  close  prox- 
imity is  just  as  much  proof  that  these  latter  are  altogettier  newer  than 
the  tilted  beds,  as  it  would  be  in  any  other  case  of  unconformability^ 

The  conclusions,  then,  that  I  would  draw  are  these : 

1st  The  beds  of  the  Copper- bearing  Series,  and  those  of  the 
Huronian  Series,  were  once  spread  out  horizontally  over  one 
another,  including  the  whole  series  of  tilted  sandstones  of  the 
Montreal  River ;  that  they  were  disturbed  by  the  same  force, 
and  received  their  present  tilted  positions  at  the  same  time,  as 
evinced  by  the  conformability  of  the  two  series  throughout 

2d.  That  the  horizontal  sandstones  of  the  AposiTe  Islands 
and  the  western  end  of  Lake  Superior  were  laid  down  subse- 
quently to  this  tilting,  and  also  to  an  immense  amount  of  erosion, 
and  that  the  sandstones  of  eastern  Lake  Superior  were  formed 
at  the  same  time.* 

As  evinced  by  (1)  the  occurrence  of  horizontal  sandstones  in 
immediate  proximity  of  tilted  sandstone  and  traps,  in  Ashland 
County  ;  (2)  the  occurrence  of  the  same  on  the  Apostle  Islands, 
within  but  a  few  miles  of  the  tilted  beds  of  the  Montreal ;  (3) 
the  direct  actual  contact  of  the  horizontal  sandstones  in  Douglas 
County  with  the  melaphyres  of  the  Copper-bearing  Series,  here 
dipping  southward,  and  (5)  various  other  proofs  cited  by 
Brooks  and  Pumpelly  in  the  article  previously  alluded  to. 

3d.  That  hence  the  Copper-bearing  Series  should  rather  be 
classed  with  the  Archsean  than  with  the  Silurian. 

^As  already  shown  by  Brooks  and  Pumpelly. 
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The  only  difficulty  in  the  way  of  these  conclusions  lies  in  the  re- 
markable phenomena  presented  at  those  points  in  Douglas 
County  wuere  the  horizontal  sandstones  are  found  joining 
the  traps.  The  first  explanation  that  offers  itself  is  naturally 
that  these  remarkable  disturbances  were  caused  by  the  protru- 
sion of  the  trappean  beds  through  the  already  formea  sand- 
stones. In  answer  to  this  it  may  be  said,  (1)  that  it  is  exceed- 
ingly doubtful  whether  the  protrusion  of  molten  matter  through 
horizontal  layers  of  sandstone  would  produce  any  such  effect,— 
at  least  I  cannot  conceive  how  it  could  :  (2)  that  this  remarkable 
disturbance  is  unaccompanied  by  any  hardening  of  the  rock,  ap- 
pearance of  baking,  or  other  evidence  of  great  heat ;  (3)  that  if 
these  trappean  beds  are  of  the  same  Copper-bearing  Scries  as 
those  in  Ashland  County,  then  the  proof  of  unconfomiability 
there  found  is  conclusive  of  the  greater  age  of  the  traps  as  com- 
pared with  the  horizontal  sandstones ;  and  (4)  that  hence  we  must 
find  some  other  explanation  of  these  phenomena.  The  only 
one  that  appears  at  all  acceptable  to  me  is  that  the  traps,  being 
deep-seated  and  non-continuous  with  the  comparatively 
superficial  sandstones,  would,  if  impelled  to  move  by  any 
force,  tend  to  move,  to  some  extent,  independently^  of  the  sand- 
stones, and  would,  by  an  exceedingly  slight  motion  northward 
against  the  latter,  produce  precisely  the  effect  observed. 

IL    Westward  continuation  of  the  Lake  Superior  SyndinaL 

Foster  and  Whitney  lone;  since  pointed  out  the  fact  that  the 
Keweenaw  Point  beds  and  those  of  Isle  Roy  ale  formed  the 
opposite  side  of  a  synclinal  in  which  the  lake  lies,  not  im- 
probably without  other  filling  than  its  waters.  On  a  diagram 
showing  the  **  Systems  of  dykes,"  accompanying  Agassias 
"Lake  Superior,"  issued  in  1850,  I  find  a  dotted  line  with  a 
query  made  along  the  center  of  the  peninsula  of  La  Pointe,  or 
Bayfield,  indicating  that  possibly  it  has  a  trappean  core  and 
owes  its  projection  into  the  lake  to  that  core.  I  think  there 
is  reason  to  believe  that  this  is  true,  and  that  the  core  of  that 
peninsula,  with  the  Douglas  County  traps,  forms  the  westward 
continuation  of  ihe  Isle  Rovale  or  northerly  side  of  the  svn- 
clinal  just  alluded  to;  that  hence  this  synclinal  trough,  in  its 
westward  extension,  does  not  hold  the  lake,  but  passes  entirely 
on  to  its  southerly  shore,  and  that  it  is  not  improoable  that  the 
line  of  southward-dipping  sandstones,  in  Ashland  County, 
marks  the  soutlierly  edge  of  the  northern  side  of  this  synclinal. 

However,  inasmuch  as  there  is  no  direct  proof  that  the 
trough  between  Keweenaw  Point  and  Isle  Royale  is  a  simple 
synclinal  without  subordinate  folds,  these  southward- dippmg 
sandstones  may  represent  one  of  these  subordinate  bends 
rather  than  the  northerly  edge  of  the  trough,  and  this  seems 
the  most  likely  supposition. 
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The  arguments  in  favor  of  these  views  are  as  follows : 

IsL  The  belt  of  rocks  forming  the  southerly  side  of  this 
ynclinal  is  known  to  continue  far  westward  into  Wisconsin, 
t  is  therefore  to  be  suspected  that  the  northerly  side  has  a 
imilar  extent 

2iid.  If  this  northerly  side  does  continue  westward,  it  must 
)e  entirely  under  the  waters  of  the  lake,  or  on  the  southern 
hore,  since  on  the  northern  shore  the  rocks  are  altogether 
lifierent 

8d.  This  westerly  continuation  of  the  northerly  side  would 
^reserve  some  sort  of  parallelism  to  the  southerly  side. 

4th.  The  peninsula  of  Bayfield,  Isle  Eoyale,  and  Keweenaw 
*oint  have  tne  same  general  trend. 

6th.  The  copper-bearing  melaphyres,  &c.,  of  Douglas  and 
Jayfield  Counties  dip,  wherever  the  dip  is  observable,  to  the 
outhward. 

6th.  The  northerly  dip  of  the  beds  of  the  Keweenaw  Point  belt 
;radually  increases  in  degree  as  the  rocks  are  traced  westward 
pom  Keweenaw  Point,  where  it  is  low,  until  the  Wisconsin  line  is 
eached,  where  it  is  vertical.  This  being  the  case,  it  would  be 
xpected  that  the  two  sides  of  the  synclinal  would  approach 
►ne  another  in  their  wefetern  extension,  which  is  in  accordance 
rith  the  facts,  whether  the  southward-dipping  sandstones  be 
egarded  as  marking  the  northerly  edge  or  not 

7th.  If  the  supposition  be  true,  then,  on  the  northerly  side 
vhere  all  the  (Served  dips  are  from  25®  to  88**,  the  area  of 
tountry  immediately  underlaid  by  the  outcropping  edges 
vould  be  much  broader  than  on  the  southerly  siae  where  the 
lip  is  vertical.  That  this  is  the  case  is  very  evident  from 
acts  already  stated.  If  the  synclinal  be  regarded  as  simple, 
md  the  southward  dipping  sandstones  of  Ashland  County 
ye  taken  as  the  southerly  edge  of  its  northern  side,  then  an 
iverage  dip  of  as  little  as  25°  to  30®  would  be  required  to 
[pread  the  whole  thickness  from  the  line  of  the  southward- 
lipping  standstones  as  far  as  the  middle  of  the  peninsula  of 
Jayfield.  If,  however,  the  synclinal  be  regarded  as  having  a 
lubordinate  fold,  then  the  dips  may  be  of  much  greater  amount 
For  many  reasons,  not  necessary  to  enumerate  here,  I  regard 
;he  latter  of  these  as  most  probably  the  case.* 

8th.  The  strange  absence  of  intercalated  beds  of  sandstone 
tnd  conglomerate  with  the  traps  of  Douglas  County  is  thus 
ixplained,  since  the  most  northerly  portions  in  that  county 
correspond  to  the  most  southerly  of  Ashland  County.  Hence 
ihe  dipping  sandstones  would  be  looked  for  in  Douglas  County 
n  the  unexplored  region  south  of  the  Copper  Range. 

♦  The  low  dips — 26°^ob8erved  in  Bome  places,  would  go  tx)  confirm  the  first  of 
beae  yiews. 
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9th.  The  greater  similarity  of  the  Douglas  County  traps  to 
those  of  Isle  Roy  ale,  than  to  those  of  Ashland  County,  goes  to 
confirm  my  views. 

The  dotted  lines,  then,  on  the  accompanying  section  give 
my  explanation  of  the  structure  of  this  region,  in  accordance 
with  tne  foregoing  facts  and  views. 

It  should  be  said  that  the  trappean  beds  of  Douglas  County 
have  been  traced  for  some  miles  into  the  Bayfield  peninsnla, 
and  can  without  doubt  be  traced  still  farther,  out  that  they  can 
certainly  never  be  actually  seen  toward  its  extremity,  since 
the  covering  of  drift  there  is  enormous,  and  since  at  some 
point  they  must  pass  beneath  the  horizontal  sandstones  of  the 
Apostle  Islands,  and  of  the  coast  of  the  peninsula.  It  should  also 
be  said  that  much  of  the  area  south  of  the  Copper  Range  in 
Douglas  County,  between  the  explored  region  and  the  line  A 
B,  which  marks  the  supposed  southerly  edge  of  the  northern 
side  of  the  great  synclinal,  or  else  the  line  of  the  axis  of  the 
subordinate  fold — which  area  I  have  supposed  to  be  immedi- 
ately  underlaid  by  beds  of  the  Copper-bearing  Series — ^mav  be 
found  to  show  horizontal  sandstones,  since  there  is  no  telling 
how  far  these  may  have  been  laid  down  on  the  upturned  beds 
of  the  former  mentioned  series. 

One  more  point  suggests  itself  as  affording  strong  proof  of  the 
greater  age  of  the  Copper-bearing  Series  as  compared  with  the 
horizontal  sandstonas.  I  refer  to  the  ferruginous  and  aluminous 
character  of  the  Lower  Silurian  sandstones  of  Lake  Superior,  as 
compared  with  the  light-colored,  quartzose  sandstones  of  the 
Mississippi  Valley,  which  are  either  approximately  or  identi- 
cally of  the  same  aga  If  the  Copper-bearing  traps  are  older 
than  the  horizontal  red  sandstones,  then  the  latter  derived 
their  material  from  the  wear  of  these  traps,  which  are  remark- 
able for  their  low  amount  of  silica,  considerable  percentage  of 
alumina  (feldspar)  and  pi-evailing  content  of  iron  (as  mag- 
netic iron).  Many  of  thase  sandstones  are  almost  a  trap  sano. 
The  beds  of  the  Mississippi  Valley,  however,  derived  their 
material  from  the  wear  of  tne  Huronian  quartzites,  and  Lauren- 
tian  quartzose  granites. 

University  of  Wisconsin,  Marcsh  2l8t,  1874. 


Abt,  Vni.— On  the  Parallelism  of  Ooal Seams  ;  by  K  B. 

Andrews. 

In  the  April  number  of  this  Journal,  Dr.  Newberry  calls 
in  (juestion  my  views  of  the  general  parallelism  of  coal-seams, 
derived  from  the  study  of  our  Ohio  Ooal-meaaures,  and  thinks 
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them  not  only  "  untrue"  but  "  calculated  to  do  positive  and 
practical  harm."  The  only  point  of  difference  between  us,  of 
any  interest  to  science,  is  whether  the  ancient  shore  lines,  with 
their  coal-marshes,  subsided  in  an  even  and  uniform  way,  or 
very  unevenly,  so  as  to  bring  each  marsh  to  greatly  varying 
depths  below  the  water  level.  I  am  led  to  hold  the  former 
opinion,  while  he  strenuously  maintains  the  latter.  In  mj 
district,  and  in  the  portions  of  his  district — i.  e.,  the  one  under  his 
special  supervision — that  I  have  examined,  and  also  in  the  bor- 
dering States  of  West  Virginia  and  Kentucky,  I  find  a  general 
parallelism  of  the  seams  of  coal,  implying  an  even  and  uniform 
subsidence.  This  makes  system  po&«tible  and  stratigraphy 
useful  in  our  Coal-measures.  If,  on  the  other  hand,  the  subsi- 
dence were  uneven  and  irregular,  no  coal-seam  can  have  its 
proper  and  exact  horizon,  and  all  things  are  in  confusion.  If, 
for  example — and  I  quote  one  of  the  cases  given  by  Dr.  New- 
berry in  his  article — coals  No.  8  and  No.  9  are,  at  one  place,  150 
feet  apart,  and  have  three  coal  seams,  8a,  8b  and  8c,  intercalated 
between  them,  and  a  few  miles  away  they  are  only  50  feet  apart, 
with  no  intercalated  seams,  the  mind  is  left  in  confusion  and 
perplexity,  and  the  practical  identification  of  coal-seams  is  well 
nign  impossible.  Tne  theory  of  unequal  subsidences,  of  *•  very 
local  subsidences,"  of  **  warped  and  folded  strata,"  is  itself  very 
confusing,  for  it  requires  us  to  believe  that  the  old  shore-areas 
held  themselves  in  statical  equilibrium  near  the  water's  edge 
during  the  long  periods  in  which  the  vegetable  matter  of  the 
coal-marshes  was  accumulating,  and  then  settled  below  the 
water  level  with  all  sorts  of  pitches  and  irregularities.  That 
there  could  be  such  alternations  of  perfect  rest  and  equipoise, 
with  irregular  and  lawless  subsidence,  in  a  region  never  dis- 
turbed by  igneous  or  other  forces  which  have  left  any  traces  of 
themselves,  appears  theoretically  highly  improbable.  Accord- 
ing to  Dr.  Newberry's  published  sections,  while  his  coal  seam 
No.  5  settled  down  20  feet  in  one  place,  it  settled  in  another 
180  feet,  and  farther  on  in  the  same  direction  only  82  feet. 
Among  the  illustrations  and  proofs  of  this  confusion-theorj 
adduced  by  Dr.  Newberry,  is  tne  varying  distance  between  his 
coal  seams  No.  1  and  No  2.  That  the  Briar  Hill,  or  lowest 
seam  in  Mahoning  and  Trumbull  Counties,  is  very  irregularly 
bedded,  I  readily  concede.  It  was  laid  down  in  patches  and 
Btrings  in  the  depressions  of  an  uneven  surface  of  Waverly  or 
conglomerate,  a  surface  which  had  probably  been  long  sub- 
jected to  sub-aerial  erosion.  When  this  very  undulating  sur- 
face, with  the  coal-swamps  filling  its  basins  and  winding  hol- 
lows, subsided  below  the  ocean,  the  introduction  of  the  proper 
Coal-measure  stratification  began,  and  then  occur  horizon- 
tally  arranged    sediments.     Hence,   the  next  seam  of  coal 
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above  is,  according  to  Mr.  Beed,  in  a  "perfectly  horizoDtal 
uosition"  over  areas  where  No.  1  shows  great  irregularitie& 
Ifow,  what  I  should  expect  in  northeastern  Ohio  would  be 
this :  That  all  the  subse(][uently  formed  seams  of  coal  would  be 
formed  under  the  conditions  of  No.  2,  and  not  after  the  manner 
of  No.  1,  whose  conditions  are  entirely  exceptional     The  low- 
est seim  of  coal  in  Jackson  County,  in  my  district,  is  similarly 
uneven ;  but  the  next  seam  above — ^the  Anthony  seam — ^is  per- 
fectly regular  and  uniform,  and  in  parallelism  with  all  the 
seams  above  iU     This  parallelism  is  turned  to  practical  account 
in  the  sinking  of  sharks  and  other  explorations  for  seams  of 
coal.     The  |:)Osition  of  one  being  known,   that  of  the  rest  is 
known.    With  the  other  alleged  proofs  of  irr^ular  subsidences 
I  have  no  personal  knowledge,  excepting  of  the  case  drawn 
from   the  region  of  Belmont  and  Guernsey  Counties,  directly 
bordering  my  district.     This  is  the  case  already  referred  to 
where  coals  f^o.  8  and  No.  9  approximate,  with  a  loss  of  three 
intercalated  seams,  viz :  8o,  86,  8c.     I  have  specially  investi- 
gated this  case,  and  find  no  tendency  to  convergence  between 
No.  8  and  No.  9.     Everything  proceeds  westward  regularly. 
For  example,  the  (so-called)  intercalated  seam  No.  8c  is  one  of 
the   great  and  continuous  seams  of  my  district,  and  sweeps 
through  county  after  county,  always  85  to  100  feet  above  Na 
8,  or  the  Pomeroy  seam.     Now,  if  the  plane  of  seam  No.  9, 
starting  on  the  Ohio  River,  near  Wheeling,  at  an  elevation  of 
150  feet  above  Ni).  8,  gradually  dips  to  within  50  feet  of  Na 
8,  cutting  the  plane  of  the  great  seam,  8c,  in  its  passage,  we 
have  in  this  the  most  wonderful  fact  in  all  the  stratigraphy  of 
coal  fields.    The  faith  of  scientific  men  in  this  fact  will  be  livelier 
when  Dr.  Newberry  points  out  the  line  of  intersection  of  the 
two  coal  planes.     I  have  used  his  numbering  of  the  coal-seams. 
Tliere  is  verv  great  difficulty  in  accurately  numbering  our  Ohio 
coal-seams,  if  we  begin  at  the  base  of  the  series,  since  such  are 
the  inequalities  of  the  surface  of  the  Waverly  that  coal  Na  1 
in  one  place  is  not  coal  No.  1  in  another,  and  consequently,  sec- 
tions taken  at  different  points,  and,  especially  if  so  taken  by 
dirterent  men,  working  without  concert  and  not  collating  their 
work  in  the  field,  will  be  very  conflicting.     The  make-shift  of 
**  intercalated  seams'  only  adds  to  the  confusion. 

Dr.  Newberry's  method,  of  condemning  my  views  on  the  au- 
thority of  names,  is  one  often  used,  but  it  has  no  place  in  sci- 
ence. I  could  adduce  many  and  great  names  in  favor  of 
my  theor}'  of  general  parallelism.  Of  course,  I  do  not  claim 
parallelism  in  any  absolute  or  mathematical  sense,  for  no  marsh 
would  constitute  a  perfectly  even  plane ;  and  in  the  subsequent 
compression  of  the  sediments  between  seams  of  coal,  the  oozy 
mud  in  one  place  would  be  more  compressed  than  the  sands  of 
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lother.  This  would  give  a  little  undulation  to  the  planes  of 
le  coal-seams.  I  have  recently  found  some  interestmg  illus- 
ations  of  this.  But  I  hold  to  a  general  and  well-marked 
irallelism,  such  as  makes  the  stratigraphy  of  our  coal-fields 
system  of  symmetry  and  beauty,  and  of  the  highest  practi- 
kl  value  to  all  who  wish  to  know  the  location  and  range  of 
)al-seams. 


SCIENTIFIC    INTELLIGENCE. 
L  Chemistby  and  Physics. 

1.  Acetylene  and  its  Determifiation. — Blochmann  has  sub- 
(^d  the  metallic  compounds  of  acetylene  to  exact  analysis  and 
jiives  the  formula  C^HjiCugO  for  the  copper  salt,  either : 

CH  C 

y(Cn,OH)         ^^      f>C^a+H.O; 

id  the  similar  formula  CgHjAggO  for  the  silver  compound. 
s  formation  is  thus  given  : 

Cii,Cl2(NH3),+H,0+C,H,=C,H,Cu30+(NH,Cl)„ 

id  its  decomposition  by  acids  thus : 

C,H,Cu20-f(HCl)2=C2H,+Cu3Cl2+H20. 

fie  acetylene  used  for  the  preparation  of  these  compounds  was 
■epared  from  ethylene  bromide  by  treatment  with  alcoholic  potash. 
or  the  estimation  of  acetylene  in  gaseous  mixtures,  he  proposes  to 
^termine  the  content  in  copper  of  the  precipitate  obtained  by  pass- 
g  the  gas  through  an  ammoniacal  solution  of  cuprous  chloride. 
bifi  precipitate  should  be  washed  with  warm  ammonia  water  so 
ng  as  the  wash-water  remains  blue  or  contains  chlorine.  It  is 
len  dissolved  in  nitric  acid,  evaporated  to  diyness  in  a  platinum 
sh,  ignited,  and  weighed.  The  KSnigsberg  gas  examined  in 
is  way,  ten  liters  being  drawn  through  the  solution,  afforded  in 
ro  parallel  determinations  '063  and  '064  per  cent  of  acetylene 
f  volume.  The  production  of  acetylene  by  a  Bunsen  burner 
iming  at  the  bottom  of  its  tube  was  noticed  by  liieth.  The 
ithor  finds  that  a  gas,  which  gave  in  its  combustion-products 
hen  burned  as  usual  in  such  a  burner  0*1 20™,  or  '08  per  cent  by 
>lame  of  acetylene,  afforded  when  burned  below,  by  ordinary 
isometric  analysis  0*96,  and  by  the  copper  method  0*80  per  cent 
■  acetylene  by  volume,  twelve  times  the  original  quantity. — J^er, 
*£rL  Chem,  Ges.,  vii,  274,  March,  1874.  g.  f.  b. 

2.  On  JSucalyptol, — Faust  and  Homeyer  have  critically  ex- 
nined  the  hydrocarbon  called  eucalyptol  by  Cloez,  which  consti- 
ites  the  principal  portion  of  the  ethereal  oil  of  Eucalyptv^s  glo- 
dus.  It  was  prepared  by  fractional  distillation  from  this  oil, 
iree  kilograms  yielding  600  grams,  boiling  between  174°  and 
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1 80°.  Fractionated  over  sodium,  a  liquid  was  obtained  boiling 
constantly  from  171°  to  174°,  entirely  soluble  in  absolute  alchoho^ 
ether  and  chloroform  in  all  proportions,  and  in  fifteen  parts  of  00 
per  cent  alcohoL  Its  behavior  generally  is  that  of  a  terpene, 
which  its  odor  resembles.  It  absorbs  oxygen  with  avidity  and 
resinities,  which  fact  explains  its  variable  boiling  point.  Sul- 
phuric acid  turns  it  brown  and  dissolves  it ;  water  sets  it  agUD 
tree.  Nitric  acid  of  sp.  sr.  1*4,  diluted  with  two  parts  of  water, 
converts  it  into  paratoluic  and  terephthalic  acids.  Elementary 
analysis  gave  88*74  of  carbon,  and  11 '48  of  hydrogen,  nearly  co^ 
responding  to  the  formula  C|oH|q.  Suspecting  an  associated 
hydrocarbon  poorer  in  hydrogen,  the  authors  polymerised  the 
eucalyptol  and  after  dilution  distilled.  An  oil  was  obtained  boil- 
ing constantly  at  1 7d°-4°,  and  having  the  composition  of  cymoL 
Conversion  into  the  barium  salt  of  the  sulpho-acid  confirmed  this 
conjecture.  Hence  the  eucalyptol  of  Cloez  is  a  mixture  of  cymol 
with  a  terpene,  which  may  be  called  eucalyptene.  It  is  probable 
that  not  over  30  per  cent  of  cymol  is  present.  The  significance 
of  these  facts,  in  view  of  the  prominence  assigned  to  the  leaves 
and  ethereal  oil  of  this  plant  in  the  medication  of  the  day,  is  ob- 
vious.— Ber,  Berl.  Chem,  Ges,^  vii,  63,  Jan.,  1874.  g.  f.  b. 

3.  Compounds  of  Thnllium  with  AlcoholradicaU. — ^Thoosdi 
the  atomic  weight  of  thallium  has  been  fixed  from  its  specmc 
heat,  as  determined  by  Regnault,  yet  its  analogy  with  lead  on  the 
one  hand  and  with  potassmm  on  the  other,  renders  a  detemmia- 
tion  of  the  vapor-density  of  some  of  its  organic  compounds  desira^ 
blc.  Hartwk;  has  accordingly  undertaken,  in  the  laboratory  of 
Professor  Carius  in  Marburg,  the  solution  of  the  question.  By 
the  action  of  a  solution  of  thallic  chloride  in  ether  upon  zinc-ethTl 
in  slight  excess,  mixed  with  twice  its  volume  of  ether,  the  chloriae 
of  thallium-diethyl  is  obtained,  according  to  the  following  equa- 
tion : 

TlCl,+Zn(C,H,),=Tl(C,H,),Cl+ZnCl,. 

The  chloride  separates  as  a  cream-like  mass  which  is  purified  by 
recrystallization  from  hot  water.  It  forms  beautiful  satin-like 
radiated  crystals,  difiicultly  soluble  in  water,  and  alterable  br 
light.  It  may  be  heated  to  190°  without  change;  but  then  it  is 
decomposed  with  a  slight  explosion  into  thallous  chloride  and  a 
combustible  gas.  Analysis  nxed  its  composition  as  above.  By 
double  composition,  the  sulphate,  phosphate,  nitrate,  acetate,  and 
iodide  of  thallium-diethyl  were  obtained.  These  thallium^thyl 
compounds  are  distmguished  clearly  from  those  which  tin,  m^ 
cury  or  lead  forms  with  the  alcohol  radicals  by  the  fact  that  they 
undergo  no  decomposition  on  treatment  with  silver  oxide.  By 
decomposing  the  sulphate  with  barium  hydrate,  thalliam-diethyl 
hydrate  was  prepared.  It  is  twice  as  soluble  in  cold  as  in  hot 
water,  crystallizes  in  fine  silky  needles,  and  decomposes  with 
explosion  at  211°.  Its  solution  blues  red  litmus  paper  strongly, 
but  is  remarkable  from  the  fact  that  a  current  of  carbonic  gas 
may  be  passed  through  it  without  the  formation  of  a  trace  of  6a^ 
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late.  All  attempts  to  form  i^om  this  body  thalUum-triethyl, 
uffh  its  existence  is  eminently  probable,  resulted  negatively. 
ither  it,  nor  thallic  chloride  itself^  when  heated  with  zmc-ethyl 
excess,  to  110^  or  150°,  gave  any  thallium-triethyl,  the  products 
ng  metallic  thallium,  zinc  chloride  and  ^as  (C^H.  and  C2Hq). 
Subsequently,  Carius  himself  in  connection  with  FRONMt^LLER, 
lertook  the  preparation  of  thallium-triethyl.  Thallium-diethyl 
Glide,  heated  in  sealed  tubes  with  mercury-ethyl  to  150°  or 
^^«  afforded  a  colorless  liquid  about  equal  in  volume  to  the 
rcury-ethyl  used,  which  was  butane.     The  reaction  is : 

Tl(C,H,)aCl+Hg(C,H,),=(C,H,„),+TlCl+HK. 

ttallic  thallium  heated  with  mercury-ethyl  in  sealed  tubes  to 
)®-170°  gave  no  more  satisfactory  results. — Ber,  Berl.  Chem, 
!«,  vii,  298,  302,  March,  1874.  g.  f.  b. 

L  Taurin  not  Isethiou amide. — Seyberth  has  sought  to  repeat, 
ier  Ladenburg's  direction,  Strecker's  synthesis  of  taurin.  The 
monium  isethionate  employed  fused  at  135°  instead  of  130^  as 
ted  by  Strecker.  Heated  in  an  oil  bath  to  2 10° -230°  for  sev- 
1  days,  it  underwent  no  perceptible  change.  The  temperature 
s  then  raised  to  2dO°-240° ;  decomposition  took  place  and  the 
88  foamed  up.  After  eight  hours,  the  syrupy  mass  was  dissolved 
water,  boiled  with  animal  charcoal,  the  solution  evaporated,  and 
J  solid  residue  recrystallized  from  alcohol.  The  warty  crystal- 
e  masses  thus  obtained  fused  at  147^,  and  became  thereby  almost 
oluble  in  alcohol.  After  repeated  extraction  with  boilmg  alco- 
L,  the  fusing  point  became  constant  at  190-193°.  Potassium 
drate  evolved  ammonia  from  it,  and  it  was  readily  soluble  in 
,ter.  Analysis  gave  the  formula  of  isethionamide,  CgHyNSOg. 
ice  it  differs  entirely  from  taurin  in  its  properties,  it  foUows 
It  taurin  cannot  be  the  amide  of  isethionic  acid. — -Ber.  J^erl. 
iem,  Oes.y  vii,  391,  April,  1874.  g.  f.  b. 

5.  Condensation  of  Acetylene  by  the  Silent  Electric  Discharge. 
P.  and  A.  Thenabd  have  succeeded  in  condensing  acetylene  gas 
the  liquid  and  even  to  the  solid  condition  by  submitting  it  to  the 
snt  electric  discharge  or  "  eifluve,"  in  an  apparatus  contrived  by 
I  latter.  In  one  experiment,  the  gas  condensed  at  the  rate  of 
ir  or  five  cubic  centimeters  per  minute,  there  being  deposited 
on  the  sides  of  the  tube  a  solid  body,  of  the  appearance  of  horn, 
ry  hard  and  of  a  wine  color.  On  analysis,  this  substance  af- 
■ded  the  composition  of  acetylene  gas,  of  which,  therefore,  it  is 
K>lymer.  It  is  not  acted  on  by  the  most  energetic  solvents,  fum- 
r  nitric-acid,  in  the  cold,  being  without  immediate  effect  on  it. 
ley  have  not  yet  succeeded  in  distilling  it.  Operating  in  a  dif- 
ent  manner,  the  authors  have  obtained  a  liquid  body,  also  hav- 
r  the  composition  of  gaseous  acetylene.  Owin^  to  the  minute 
antities  produced,  it  has  not  been  fully  examined.  Berthelot, 
the  discussion  which  followed,  called  the  attention  of  the  Acad- 
y  to  the  active  condensing  power  of  this  silent  discharge, 
letylene,  however,  is  one  of  the  more  easily  condensible  gases, 
izol  being  only  tri-acetylene.    By  means  of  zinc  chloride  he  had 
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obtained  a  solid  product  of  condenBalion  from  bensol,  not  volatile 
at  the  temperature  at  which  glass  fuses.  He  bad  called  it  bito- 
mene ;  Thenard's  product  was  undoubtedly  of  tbe  same  kind,  pe^ 
haps  more  condensed. —  C,  M.^  Ixxviii,  219.  MonOeur  iSeient^ique, 
111,  iv,  265,  March,  1874.  G.  F.  B. 

6.  Nitrocompounds  of  the  AUyl  seriee. — Bbacksbusch  has  con- 
tinued his  researches  on  the  production  of  nitro-deriTatiTeB  by 
means  of  bromides.  When  bromaUyl  is  treated  with  silver  nitrite, 
a  violent  action  takes  place,  and  upon  distillation  there  passes 
over  two  liquids,  the  lower  of  which  is  a  heavy  oily  substance  of 
a  yellow  color,  which  boils  at  96^  and  gives  on  analysis  numben 
agreeing  with  those  required  by  nitro-propylene,  C,H^NO,. 
Treate<l  with  alcoholic  soda  solution,  the  compound  CsH^NaNOi, 
sodium- nit ro-propylene,  is  produced ;  in  complete  analogy  with  the 
nitro-derivatives  of  the  fatty  series.  Potassium  acts  similariy. 
On  reduction  with  acetic  acid  and  iron-filinffs,  saturation  with  so- 
dium hydrate  and  distillation  in  a  current  of  steam,  ally lamine,C, 
H^NHj,  was  obtained.  The  lighter  of  the  two  liquids,  forming 
the  distillate  in  the  preparation  of  nitro-propylene,  gave  similar 
percentage  numbers  on  analysis.  Xascent  hydrogen  evolved  from 
It  ammonia  and  it  boiled  at  85^.  It  was  separated  from  the  nitro- 
propylene  by  solution  in  water.  It  must  therefore  have  been  allyl 
nitnte,  C3H5.O.NO. — Ber.  BerU  Chem,  Gea.^  vii,  225,  March, 
1874.  G.  F.  & 

7.  Repulsion  due  to  Heat, — Professor  Crookbs  has  recently  com- 
municated to  the  Royal  Society  the  result  of  some  expermients 
made  with  a  balance  for  weighing  bodies  at  a  different  tempe^ 
ature  and  atmospheric  pressure  from  surrounding  objects,  and  with 
which  he  found  that  at  high  temperatures  the  weight  appeared 
to  diminish.  A  straw  beam  carried  masses  of  pith-ball  at  each 
end,  and  was  enclosed  in  a  glass  tube  connected  with  a  Sprengel 
pump.  The  tube  being  full  of  air,  a  spirit  flame  was  pas^ 
across  the  lower  part,  when  the  pith-ball  descended  slightly,  and 
then  rose  to  above  its  original  position,  as  if  there  was  first  an 
attraction,  instantly  overcome  by  the  air-current.  The  same  effect 
was  obtained  with  a  glass  bulb  containing  water  at  70°,  the  pith- 
ball  rising  whether  the  heated  body  was  above  or  below  it,  though 
less  rapidly  in  the  latter  case.  Ihe  pump  was  now  set  to  wore, 
when  the  action  became  less  and  less,  until  with  a  pressure  of 
7  mms.  it  ceased  entirely.  It  seemed  evident  that  the  effect  was 
due  to  air  currents,  and  that  in  a  vacuum  no  action  would  ensue. 
Continuing  the  exhaustive  power,  it  was  found  that  with  a  pres- 
sure of  3  iiims.  the  pith  rose  as  much  as  in  common  air.  With 
a  further  exhaustion  a  much  feebler  source  of  heat,  as  the  finger, 
produced  a  similar  effect.  A  piece  of  ice  caused  the  ball  to 
descend.  Numerous  experiments  were  tried,  which  proved  that 
the  action  was  not  due  to  electricity.  A  platinum  spiral  rendered 
incandescent  by  an  electric  current  was  next  enclosed  in  the 
tube,  and  brass  balls  were  used  instead  of  pith.  The  tendency 
seemed  to  be  to  bring  the  center  of  gravity  of  the  brass  ball  as 
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lear  as  possible  to  the  source  of  heat,  when  air  of  ordinary  den- 
ity,  or  even  rarefied,  surrounded  the  balance.  When  the  pressure 
ras  5  mms.,  the  attraction  was  still  strong.  With  a  pressure  of 
•  mm.,  the  attraction  was  still  perceptible,  but  only  feeble.  The 
working  of  the  pump  was  continued  for  some  time,  when  the  attrac- 
ion  became  nothing.  The  pump  bein^  kept  at  work  for  an  hour 
onger,  a  faint  but  unmistaKable  repiSsion  was  detected.  This 
ffect  increased  when  the  pump  continued  to  work  for  several 
lOurs.  The  pump  tubes  were  now  washed  with  sulphuric  acid,' 
.nd  at  the  end  of  an  hour  the  spiral  was  found  to  be  energetically 
epellant.  The  fingers,  a  spirit  flame  and  other  sources  of  heat 
produced  the  same  effect.  By  chemical  means,  a  vacuum  was 
3rmed  so  perfect  that  it  would  not  transmit  an  electric  current^ 
rhen  the  repulsion  was  decided  and  energetic.  Projecting  on  a  pith- 
tall  balance  the  diflerent  portions  of  the  solar  spectrum,  the  repul- 
ion  was  so  worked  as  to  enlarge  the  apparatus.  On  repeating 
/avendish's  experiment,  he  found  that  in  air  the  large  mass  when 
older  than  the  ball,  repelled  it,  and  when  hotter,  attracted     The 

g»posite  effects  were  obtained  in  a  vacuuuL  Similar  forces  showed 
emselves  with  a  variety  of  substances,  as  metals,  ivory,  char- 
oal,  etc. 

After  showing  that  air  currents  cannot  be  the  cause  of  these 
lotions,  he  refers  to  this  repulsive  action  of  heat  in  Nature,  and 
tates  that  it  is  not  improbable  that  the  attraction  now  shown 
3  exist  between  a  hot  and  cold  body  will  equally  prevail  when 
3r  the  temperature  of  melting  ice  is  substituted  the  cold  of  space, 
>r  a  pith-ball  a  celestial  sphere,  and  for  an  artificial  vacuum  a 
tellar  void.  In  the  radiant  molecular  energy  of  cosmical  masses 
lay  at  last  be  found  that  "  agent  acting  constantly  according  to 
nown  laws  "  which  Newton  held  to  be  the  cause  of  gravity. — 
^uarf.  Jour.  ISci.y  xlii,  274.  e.  c.  p. 

8.  Double  refraction  of  a  Viscous  Fluid  in  motion. — Professor 
Iaxwull,  in  a  paper  before  the  Royal  Society,  states  that  a 
iscous  fluid,  accoraing  to  Poisson,  behaves  as  an  elastic  solid 
eriodicaliy  liquefied  for  an  instant,  and  solidified  again,  so  that  at 
ach  fresh  start,  it  becomes  for  an  instant  like  an  elastic  solid 
ree  from  strain.  The  state  of  strain  of  certain  transparent  bodies 
lay  be  investigated  by  this  action  on  polarized  light.  This  action, 
bserved  by  Brenslet,  was  shown  by  F resenel  to  be  an  instance  of 
louble  refraction. 

To  ascertain  whether  the  state  of  strain  in  a  viscous  fluid  in 
lotion  could  be  detected  by  its  action  on  polarized  light,  a  cylin- 
Irical  box  was  made  with  a  glass  bottom.  In  this  a  solid  cylinder 
oold  be  made  to  rotate,  and  the  fluid  to  be  examined  placed  in 
he  annular  space  between  the  cylinder  and  the  sides  of  the  box. 
*olarized  light  was  thrown  up  through  the  fluid  parallel  to  the  axis, 
rhile  the  cylinder  was  made  to  rotate.  No  efiect  was,  however, 
btained  with  solution  of  gum  or  syrup.  Canada  balsam,  which 
ad  been  very  thick  and  almost  solid  in  a  bottle,  aflected  the  light 
rhen  compressed. 
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It  18  easy,  however,  to  observe  the  effect  in  Canada  balsam, 
which  is  so  fluid  that  it  rapidly  assumes  a  level  surface  after  being 
disturbed*  Put  some  Canada  balsam  in  a  wide-mouthed  square 
bottle ;  let  light  polarized  in  a  vertical  plane  be  transmitted  through 
the  fluid ;  observe  the  li^bt  through  a  Nicol's  prism,  and  turn  w 
prism  so  as  to  cut  off  the  light ;  insert  a  spatula  in  the  balsam  in 
a  vertical  plane  passing  through  the  eye.  Whenever  the  spatula 
is  moved  up  or  dowu  in  the  fluid,  the  light  reappears  on  both  sides 
of  the  spatula ;  this  continues  only  so  lonff  as  the  spatula  is  in 
motion.  As  soon  as  the  motion  stops  the  light  disappears,  and 
that  so  quickly  as  to  prevent,  hitherto,  the  determination  of  the 
rate  of  relaxation  of  that  strain  which  the  light  indicatea 

If  the  motion  of  the  spatula  in  its  own  plane,  instead  of  being 
the  plane  of  polarization,  is  inclined  45°  to  it,  no  effect  is  observe^ 
showing  that  the  axes  of  strain  are  inclined  45°  to  the  plane  of 
sheering,  as  indicated  by  the  theory.  Among  transparent  bodies 
there  is  considerable  diversity  in  their  action  on  polarized  lieht 
If  a  small  portion  is  cut  from  a  piece  of  annealed  glass  at  a  pboe 
where  the  strain  is  uniform,  the  effect  on  polarized  light  ceases  as 
soon  as  the  glass  is  relieved  from  the  stress  caused  by  the  uneqoal 
contraction  of  the  parts  surrounding  it.  But  if  a  plate  of  gelatine 
is  allowed  to  dry  under  longitudinal  tension,  a  small  piece  cut  out 
of  it  exhibits  the  same  effect  on  light  as  it  did  before,  showing  that 
a  state  of  strain  can  exist  without  the  action  of  stress.  A  film  of 
gutta  percha,  which  has  been  stretched  in  one  direction,  has  t 
similar  action  on  light.  If  a  circular  piece  is  cut  out  of  such  t 
stretched  film  and  warmed,  it  contracts  in  the  direction  in  whidi 
the  stretching  took  place.  The  body  of  a  sea-nettle  has  all  tiie 
appearance  of  a  transparent  jelly,  ana  it  seemed  as  if  spontaneoos 
contraction  of  the  living  animal  might  be  rendered  visible  by  means 
of  light  transmitted  through  its  body.  It  proved,  however,  that 
even  a  considerable  pressure  might  be  applied  without  affecting 
the  light,  showing,  as  may  be  seen  by  aissection,  that  the  se*- 
nettle  is  not  a  true  jelly,  but  consists  of  cells  filled  with  fluid* 

These  instances  suggest  a  means  of  studying  the  various  liquids 
so  as  to  determine  whether  they  differ  from  solids  in  having  a 
very  small  rigidity,  or  in  having  a  small  time  of  relaxation,  or  in 
both  ways.  These,  which  like  Canada  balsam,  act  strongly  on 
polarized  light,  have  probably  a  small  rigidity,  but  a  sensible  time 
of  relaxation.  Those  which  do  not  show  this  action  are  probably 
much  more  rigid  and  owe  their  fluidity  to  the  smallness  of  their 
time  of  relaxation. — PhiL  Mag,^  xlvii,  390.  k.  c.  p. 

9.  Spectroscope  with  Fluorescent  Ey^iece, — M.  Lovkt  has 
employed  a  spectroscope  in  which  a  plate  of  some  transparent  and 
fluorescent  body  is  placed  at  the  point  of  the  observing  telescope, 
and  then  viewed  through  the  eyepiece,  which  is  inclined  at  an 
angle.  The  fluorescent  plate  may  be  made  of  uranium  glass,  or 
of  thin  pieces  of  glass  a  snort  distance  apart  containing  any  fluores- 
cent liquid  between  them.  Two  lines  drawn  at  right  angles  on 
the  glass  take  the  place  of  cross-hairs.    It  is  a  good  plan  to  inte^ 


Chemistry  and  Physics,  65 

K>Be  a  plate  of  cobalt  blue  elass  to  cut  off  the  more  brilliaM 
K>rtioD  of  the  spectrom.  u  the  eyepiece  is  not  iDclined,  the 
presence  of  the  fluorescent  plate  does  not  prevent  our  observing 
he  lines  of  the  luminous  part  of  the  spectrum  with  accuracy,  but 
he  fluorescent  spectrum  produced  by  the  plate  is  then  seen  but 
K>orly.  On  inchning  it,  however,  the  lummous  spectrum  can  no 
onger  be  seen,  but  the  fluorescent  spectrum  then  appears  very 
ilearly,  of  a  uniform  tint  traversed  by  dark  lines,  lliese  lines 
oay  be  brought  to  coincide  with  the  lines  drawn  on  the  glass  and 
heir  deviation  measured: 

With  uranium  glass  the  fluorescent  spectrum  is  well  seen  from 
ff  /  it  is  very  intense  near  If;  the  four  rays  M  are  also  visible, 
>at  beyond  that,  little  can  be  seen. 

With  bisulphate  of  quinine,  the  spectrum  is  very  beautiful  and 
bright.  It  extends  but  little  into  the  visible  part,  about  to  h. 
iVe  see  very  clearly  the  rays  as  far  as  i\^  and  even  a  little  beyond« 

Esculine  appears  to  give  the  most  brilliant  sp^trum ;  we  dis^ 
inguisb  very  clearly  the  lines  iV",  and  even  ft  The  spectrum 
!Xtends  into  the  violet,  a  little  beyond  that  of  quinine. 

Rose-napthaline  (Magdala)  gives  good  results  for  the  ultra-violet 
K>rtion  as  far  as  M;  but  the  appearance  of  the  fluorescent  spectrum 
s  curious  in  the  less  refrangible  portions.  From  near  D  to  M 
we  distinguish  all  the  rays  with  perfect  clearness. — Bib,  Univ.y 
^o.  196,  p.  338.*  E.  c.  p. 

10.  Polarization  of  Metallic  JSur/aces. —  M.  G.  Quincke   has 

letermined  the  prime  angle  of  incidence  and  prime  azimuth  of  the 

^raunhofer  lines  C,  D,  JE,  F  and    G^  for  various  substances. 

rhrough  a  collimator  with  a  vertical  slit  a  beam  of  parallel  rays 

alls  on  a  polarizing  prism  standing  in  the  azimuth  45°,  and  then 

m  an  observing  telescope  whose  cross-lines  can  be  illuminated  by 

k  plane  glass  mirror.     A  thin  wire  runs  across  the  slit  of  the  colli- 

nator  to  which  the  cross-thread  of  the  telescope  is  adjusted.     Be- 

ween  the  collimator  and  observing  telescope  is  a  stand  in  which 

kie  plac^ed  two  parallel  mirrors  of  the  substance  to  be  examined. 

rhe  analyzing  prism  is  placed  on  a  vertical  circle,  and  between  it 

md  the  eye  is  inserted  a  flint-glass  prism.    The  light  from  the  slit 

s  thus  spread  out,  giving  a  horizontal  spectrum  with  Fraunhofer 

ines  of  urom  1°  to  3°  breadth.     K  from  a  heliostat  sunlight  be  let 

hrough  the  slit  of  the  collimator  and  polarized  in  the  azimuth  45^, 

k  dark  streak  appears  in  the  spectrum,  which  may  be  made  to  fall 

m  any  desired  Fraunhofer  line  by  changing  the  angle  of  incidence 

md  the  azimuth  of  the  analyzer.     The  £flerence  of  phase  and  ratio 

if  the  amplitudes  of  the  components  polarized  parallel  and  perpen- 

licular  to  the  plane  of  reflection,  or  the  intensity  of  the  compo- 

lents  of  the  reflected  light,  can  thence  be  calculated  for  any  angle 

»f  incidence.    The  most  perfect  surfaces  are  possessed  by  nickel, 

ilver,  gold  and  selenium;  the  latter  being  melted  and  pressed 

nth  a  cold  plate  of  glass.     With  the  exception  of  gold,  in  the 

aae  of  all  the  metals  here  mentioned,  the  prime  angle  of  incidence 

polarization  angle)  diminishes  with  the  diminution  of  the  wave- 

Aif.  JouB.  Sol— Thibd  Sbbibs,  Vol.  VUI,  No.  43.— July,  1874. 
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length,  the  reverse  of  what  takes  place  with  transparent  bodies. 
The  diminution,  however,  is  very  oifferent  with  different  metals. 

The  prime  azimuths  partly  increase  and  partly  dinodnish  as  the 
wave-lengths  become  less.  Platinum  shows  a  maximum  value  for 
the  line  2>,  cobalt  and  bismuth  for  the  line  ^,  and  tin  for  the 
line  i^ 

Observations  were  also  made  with  thin  transparent  layers  of 
gold,  silver  and  platinum  of  thicknesses  varying  from  8  to  75 
millionths  of  a  milumeter.  They  show  that  the  prime  angle  of  in- 
cidence and  the  prime  azimuths  mcrease  as  the  thickness  increases, 
but  in  different  aegrecs  for  different  colors.  With  silver  the  prime 
azimuth  exhibits  a  maximum  value  for  a  certain  Fraonhofer  lioe, 
which  maximum  moves  toward  the  red  end  of  the  spectrun  as  the 
thickness  is  augmented.  Gold,  in  transparent  as  in  non-transparent 
layers,  has  a  minimum  angle  of  incidence  at  Fraunhofer's  bne  F, 
These  values  arc  not  altered  by  magnetizing  or  electrifying  the 
plates. — Pogg.  Jubelbandy  836  ;  JPhiL  Mag.^  xTvii,  321,       k.  a  p. 

IL  Geology  and  Natural  History. 

1.  Small  size  of  the  Brain  in  Tertiary  Mammals;  by  Prof  0.  C. 
Marsh. — At  the  last  meeting  of  the  Connecticut  Academy  of  Arts 
and  Sciences,  June  17th,  Prof  Marsh  of  Yale  College  made  a  com- 
munication on  the  size  of  the  brain  in  Tertiarv  Mammals.  His  re- 
searches on  this  subject  have  been  mainly  confined  to  the  larger  ex- 
tinct mammals  which  he  had  obtained  in  the  Rocky  Mountain  re- 
gion, and  the  results  are  of  peculiar  interest.  The  Elocene  mammalB 
all  appear  to  have  had  small  brains,  and  in  some  of  them  the  brain 
cavity  was  hardly  more  capacious  than  in  the  higher  reptiles. 
The  largest  Eocene  mammals  are  the  Dinocerata^  which  were  bat 
little  inferior  to  the  elephant  in  bulk.  In  Dinoceras  Marsh,  the 
type  genus,  the  brain  cavity  is  not  more  than  one-e^hth  the  aver 
age  size  of  that  in  existing  Uhinoceroses.  In  the  other  genera  of 
this  order,  Tinoceras  Marsh  and  UtntcUherium  Leidy,  the  small- 
ness  of  the  brain  was  quite  as  remarkable.  The  rigantic  mam- 
mals of  the  American  Miocene  are  the  JBrontotheridcPy  which 
equalled  the  DinocercUa  in  size.  In  JBrontotherium  Marsh,  the 
only  genus  of  the  family  in  wliich  the  skull  is  known,  the  bnun 
cavity  is  very  much  larger  than  in  the  Eocene  DinoceraSy  being 
about  the  size  of  the  bram  in  the  Indian  Rhinoceros,  In  the  Plio- 
cene strata  of  the  West,  a  species  of  Mastodon  is  the  largest  mam- 
mal, and  although  but  little  superior  in  absolute  size  to  Bronto- 
therium,  it  had  a  very  much  larger  brain,  but  not  equal  to  that 
of  existing  Proboscidians.  The  Tapiroid  ungulates  of  the  Eocene 
had  small  brain  cavities,  much  smaller  than  their  allies,  the  ItGo- 
cene  Rhinocerotidoe,  The  Pliocene  repfesentatives  of  the  latter 
group  had  well  developed  brains,  but  proportionally  smaller  than 
Uving  species.  A  similar  progression  in  brain  capacity  seems  to 
be  well  marked  in  the  equine  mammals,  especially  n*om  the  Eocene 
OrohippuSy  through  Miohippus  and  Anchith^um  of  the  Miocene, 
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JPtiohippus  and  Hipparion  of  the  Pliocene,  to  the  recent  Equus. 
In  other  groups  of  mammals,  likewise,  so  far  as  obfierved,  the 
size  of  the  brain  shows  a  corresponding  increase  in  the  succes- 
sive subdivisions  of  the  Tertiary.  These  facts  have  a  very  im- 
portant bearins  on  the  evolution  of  mammals,  and  open  an  inter- 
esting field  for  further  investigation. 

•  2.  Coal  {or  Lignite)  in  the  Creta^ceoua  of  Minnesota, — Prof.  N, 
H.  Winchell^  in  his  Report  for  1 8 V3,  announces  the  existence  of 
coaly  layers  at  several  points  in  the  Cretaceous  of  Minnesota, 
especially  in  the  banks  of  Crow  Creek  and  those  also  of  the  Red- 
wood ;  but  states  that  all  explorations  thus  far  made  have  proved 
fruitless.  The  coal  found  on  the  Redwood  was  earthy,  passing 
sometimes  into  good  Cannel  coal,  or  into  a  bituminous  clay ;  the 
compact  Cannel  coal  is  in  detached  lumps,  and  occurs  throughout 
a  band  about  four  feet  in  thickness.  At  another  outcrop,  the  Lig- 
nitic  band  is  in  the  form  of  a  black  bedded  clay  or  shale,  five  or 
six  feet  thick,*  containing  some  coaly  or  charcoal-like  fragments. 
Mr.  Winchell  adds  that  "  so  far  as  discovered,  there  is  not  enough 
coal  embraced  in  the  Cretaceous  of  this  State  to  warrant  sanguine 
expectations  of  its  becominff  economically  useftd." 

3.  Geological  Survey  of  Pennsylvania, — Professor  J.  P.  Lesley, 
of  the  University  of  Pennsylvania,  has  been  choi^en  by  the  Com- 
missioners for  the  charge  of  the  new  geological  survey  of  Penn- 
sylvania, to  which  the  Legislature  have  devoted  $36,000  for  three 
years,  l^rofessor  Lesley,  as  is  well  known,  was  one  of  the  original 
corps  of  Professor  H.  D.  Rogers  on  the  former  survey,  and  no  man 
has  probably  so  thorough  a  knowledge  of  the  geology  of  the  State 
as  he.  It  is  proposed  to  devote  the  re-survey  especially  to  its 
economic  geology. 

4.  DancHs  Manual  of  Geology, — A  new  edition  of  Dana^s 
Manual  has  just  been  issued  by  Ivison,  Blakeman,  Taylor  <fc  Co., 
New  York.  The  work  has  been  much  enlarged  and  to  a  gr^at 
extent  rewritten  by  the  author,  this  having  been  required,  as  the 
preface  states,  by  the  progress  which  the  science  has  made  during 
the  twelve  years  past.  American  geology,  especially,  h^s  been 
greatly  advanced  during  that  interval  through  the  manv  State 
surveys,  and  also  through  the  independent  researches  of  Leidy, 
Marsh,  Cope,  and  other  paleontologists  and  geologists. 

Many  new  illustrations  have  been  introduced,  and,  amoug  theci^, 
an  excellent  engraving  of  the  human  skeleton  of  the  cave  of  Men: 
tone  forms  a  frontispiece  to  the  volume.  Besides  the  additions  to> 
the  text,  which  the  new  facts  and  the  progress  in  the  principles  of 
the  science  required,  -the  author  has  introduced  a  chapter 
on  one  of  the  departments  of  chemical  geology,  giving  the  de- 
structive and  formative  effects  that  take  place  through  the  agency 
of  water  and  the  atmosphere,  and  also  another  chapter^  at  the 
close,  presenting  a  brief  review  of  geological  dynamics,  under  the 
title  of  "  Effects  referred  to  their  causes."  The  work  is  printed 
in  excellent  style ;  and  although  containing  one-si xtlv  more  matter 
than  the  former  edition,  the  volume,  owing  to  its ,  larger  page  of _ 
text,  is  but  little  increased  in  actual  size. 
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5.  Report  on  the  Eaimloration  of  Brixham  Cave^  conducted  by 
a  Committee  of  the  Geological  Society^  and  under  the  Buperin- 
tendence  of  William  Penoellt,  Esq.,  F.R.S.,  aided  by  a  local 
committee ;  with  Descriptions  of  the  Animal  Remains,  by  Gborgs 
Busk,  F.R.S.,  and  of  the  Flint  Implements,  by  Johjt  £yan8, 
Esq.,  F.R.S.  By  Joseph  Prbstwich,  F.RS.,  F.6.S.,  Ac.,  Re- 
porter. 100  pp.  4to. — ^This  detailed  and  well  illustrated  memoir 
bears  evidence  that  no  pains  in  the  exploration  of  the  caTe  wu 
spared  that  could  add  to  the  exactness  and  completenesB  of  the 
series  of  facts  afforded  by  it.  The  principal  conclusions  are  already 
in  the  last  edition  of  Lyell's  Antiquity  of  Man,  and  need  not  bie 
here  repeated. 

6.  Melderberg  Rocks  in  New  Hampshire, — ^A  note  from  Phh 
fessor  C.  H.  Hitchcock  states  that  Mr.  Huntington  has  ohtained 
specimens  of  HcUysites  or  chain  coral  on  Fitch  Hill,  in  Littleton. 

7.  Das  Qebirge  um  HaUstatty  eine  geologische^  paidontob- 
gische  Studie  aus  den  Alpeji ;  von  Edmund  Mojsisotics  ton 
MojsYAB.  1.  Theil.  Die  Mollusken-Faunen  der  Zlambach- und- 
Hallstatter  Schichten,  1  Hefl.  From  the  Abhandlungen  d«  k.  k. 
geoL  Reichsanstalt,  voL  6,  4to.  Vienna,  1873.— Thb  is  one  of  the 
ablest  and  most  complete  of  the  publications  issued  by  the  Greo- 
logical  Survey  of  Austria,  and  exhibits  in  all  its  parts  the  care  and 
skill  of  the  author. 

Two  new  genera  of  Ammonitoids  are  described,  Pinnacocens 
and  Sageceras.  The  former  is  a  portion  of  the  old  genus  Arcestes 
of  Suess,  with  Arcestes  gal^iformis  as  the  type,  and  the  latter  is 
new,  with  Goniatites  Haidingeri  as  the  type.  These  genera  are 
most  carefully  described,  but  the  main  merit  of  the  work  consiitB 
in  the  apparently  successful  attempts  to  classify  the  Hallstatt  beds, 
which  have  been  subjects  of  discussion  for  many  years  amons  Eu- 
ropean paleontologists.  For  accomplishing  this  task  in  one  of  the 
most  difficult  localities  in  Europe,  the  author  deserves  and  will 
doubtless  win  the  highest  prabe.  The  species  so  far  as  published 
confirm  the  view  that  Hallstatt  presents  a  peculiar  fauna,  but  one 
which  contains  also  a  few  species  that  are  partly  Jurassic,  and 
others  that  are  partly  Carboniferous  in  their  aspect.  These  are 
sufficient  in  number  to  show  closer  relations  between  the  Carbon- 
iferous and  Jurassic  forms  of  Mollusca  than  are  elsewhere  known. 

G.   H. 

8.  On  DcUolite;  by  E.  S.  Dana,  {TschemKik'^s  3f%n.  Iftttheil- 
ungen,  Vienna,  1874.) — This  paper  contains  the  results  of  a  crys- 
tallographic  study  of  the  datolite  of  the  principal  European  locali- 
ties, ana  is  illustrated  by  a  plate  containing  figures  of  crystals 
from  Tuscany,  Arendal,  and  Andreasberg,  with  also,  for  compari- 
son, three  of  the  forms  described  and  figured  by  the  author  in  hiB 
Bergen  Hill  paper.*  In  addition,  a  catalogue  is  given  of  all  the 
known  planes  of  datolite  crystals,  now  numbering  71.  of  which  16 
were  added  by  Mr.  Dana  from  the  Bergen  Hill  crystals,  and  10 
from  those  of  foreign  localities.  A  table  contains  the  principal 
angles  of  all  the  lorms,  for  the  most  part  recalculatea  by  the 

•  This  Jour.,  HI,  iv,  le. 
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author,  and  a  diagram  presents  a  map-projection,  after  Miller's 
method,  of  all  known  planes  in  their  zones.  The  crystals  studied 
were  from  the  Royal  Miiieralogical  Museum  of  Vienna,  of  which 
Professor  Tsehermak  is  Director. 

9.  On  Atacamite;  by  E.  S.  Dana,  (Tsehermak^ a  Min,  Mit- 
theilungen.  Vienna,  1874.) — The  results  of  a  large  number  of 
measurements  of  crystals  of  Atacamite,  from  Wallarro,  South 
Australia,  are  here  presented.  They  prove  that  the  species  is,  as 
hitherto  supposed,  orthorhombic,  but  show  further  some  irregular- 
ities in  the  planes  of  the  vertical  series,  which  can  be  explained 
only  by  the  assumption  of  a  dome  404  taking  the  place  of  iA^  and 
a  corresponding  pyramid,  in  place  of  the  prism  l.  The  crystals 
under  examination  were  placea  in  the  hands  of  the  author  by  Dr. 
A.  Schrauf  of  the  Vienna  Mineralogical  Museum. 

1 0.  Changes  in  the  character  o/ Vegetation  produced  by  Sheep- 
grazing. — Dr.  Shaw,  of  the  Cape  of  Good  Hope,  sent  to  the 
Linnean  Society  an  interesting  communication  (published  in  its 
Journal,  No.  75)  upon  the  ill  effects  of  over  stocking  the  dry  graz- 
ing districts  of  Southern  Africa  with  merino  sheep.  The  sheep 
have  introduced  one  obnoxious  bur,  that  of  Xanthium  spinosum, 
which  came  in  their  wool,  and  which  has  spread  to  such  an  extent 
that  it  is  only  by  the  enforcement  of  severe,  but  almost  too  late, 
legislative  enactments  "  that  it  is  kept  from  being  a  sweeping 
curse  to  the  wool-producers.  In  the  Orange  River  Republic  it  has 
so  affected  the  wool  in  some  parts  of  the  country  as  to  make  it 
nearly  un remunerative  as  a  staple  product. 

The  principal  changes,  however,  are  not  in  the  introduction  of 
foreign  plants,  but  in  the  alteration  of  the  range  and  relative 
abundance  of  those  that  belong  to  the  country,  w  hen  first  intro- 
duced into  the  midland  or  pasturage  region,  the  sheep  fed  mainly 
on  the  grass.  This,  in  a  country  with  only  periodical  rain  and 
under  a  high  sun,  soon  began  to  fail.  ^^  Suffniticose  plants  and 
shrubs  could  alone  stand  against  the  sheep  and  such  a  climate ; 
and  at  first,  and  as  long  as  the  grass  was  prominent,  these  could 
enjoy  immunity  from  the  sheep.  But  the  grass  vanished  very 
rapidly,  and  the  brush  and  scrub  came  to  be  the  main  resource  of 
the  flocks,  and  the  ground  was  left  to  them  and  to  obnoxious  and 
poisonous  herbs,  .  .  .  and  to  the  intoxicating  Melico},  the 
*dronk'  grass  of  the  Dutch  colonists."  It  used  to  be  thought  that 
grasses  were  everywhere  salubrious  and  bland ;  but  it  appears  that 
in  South  Africa  there  are  certain  8|)ecies  of  Melica  of  very  ill  repute ; 
that  these  have  increased  incredibly  in  the  last  few  years ;  and 
that  the  transport  riders  with  their  oxen  (t':e  only  carrying  power) 
have  to  travel  over -a  wide  stretch  without  stopping,  because  of 
these  grasses,  "  on  eating  which  cattle  become  afflicted  with  intoxi- 
cation to  an  alarming  extent."  As  the  edible  grasses  and  herbs, 
and  then  the  less  inviting  scrubby  plants,  are  consumed  and  de- 
sttoyed,  the  bitter  and  nauseous  plants  of  the  drier  Karoo  region 
adjacent  come  in  and  contribute  their  energies  to  the  extirpation 
of  the  indigenous  and  proper  flora  of  the  region,  and  render  it 
more  and  more  unfit  for  sheep  pasturage. 
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It  may  be  said  that  this  same  region  used  to  support  millioDS  of 
antelopes ;  but  then,  these  were  always  on  the  move,  in  their 
migration  following  the  rains  and  the  young  fresh  herbage; 
whereas  the  sheep  are  kept  upon  the  limited  area,  where  they  caiue 
as  much  destruction  by  their  tread  as  by  eating.  The  rain-fall  is 
said  to  be  affected,  becoming  more  precarious  and  in  thunder 
torrents,  and  so  does  not  to  the  same  extent  soak  into  the  ground,  is 
carried  off  by  the  watei>courses,  and  fails  to  supply  the  springs, 
which  become  weaker  and  less  perennial  year  after  year.  More- 
over, the  Chryaocoma  and  other  disagreeaole  Compoeitce^  at  firet 
eschewed  by  the  sheep,  but  upon  which  they  have  to  feed  from 
necessity,  greatly  injure  the  mutton,  which  tastes  and  smells  of 
thenL  Truly  was  it  said  by  the  veteran  Fries,  that  the  appointed 
lord  of  creation  is  apt  to  do  his  utmost  to  ruin  it ;  that  thorns  and 
thistles,  ill-favored  and  poisonous  plants,  mark  the  track  which 
man  has  traversed  through  the  earth. 

The  introduction  of  sheep  into  the  foot-hills  and  higher  portions 
of  the  Sierra  Nevada  in  California  is  beginning  to  make  havoc  of 
its  proper  flora ;  from  which  it  is  not  botany  only  that  will  suffer. 

A.   G. 

1 1 .  Tke  Perigyniuyn  and  occasional  Seta  in  Carex  have  recently 
been  studied  in  Enp^land  by  Professor  McNab  and  Professor 
Dykr;  and  the  results  of  an  investigation  of  the  early  develop- 
ment are  recorded  in  two  short  papers  in  the  Linnean  Society  s 
Journal,  No.  75  (April).  Contrary  to  Mr.  Bentham's  suggestion, 
the  seta  is  proved  to  be  of  axial  nature ;  and  the  perigynitun 
answers  to  a  single  bract,  according  to  Professor  McNab — of  pro- 
bably one  or  possibly  two  bracts,  according  to  Professor  Dyer. 

A.  G. 

21.  Maximo wicz.  Diagnoses  Plantarum  Japonics^  etc. — ^The 
15th  and  16th  decades,  September  and  October,  1873,  contain  some 
generally  interesting  matters.  For  instance,  a  review  of  the  species 
of  Sanguisobta^  from  which  it  appears  that  8,  Canadensis  and. 
S.  aJpina  develop  their  flowers  from  the  base  of  the  spike  up- 
ward, while  m  S.  offichialis  and  *S.  obtusa  the  flowering  proceeds 
from  the  apex  of  the  spike  toward  the  base.  There  is  a  good  ac- 
count of  the  Japanese  roma<:ear,  and  another  of  Rihes^  with  revised 
characters.  Dr.  Maximowiez  has  some  important  remarks  on  the 
generic  value  of  the  number  of  vittce  in  UtnbeUifenje^  upon  the 
strength  of  which  he  declines  to  separate  Archangelica  from  An- 
gelica, and  to  divide  Conioselhium  between  Selinuni  and  Ligus- 
ticiim.  A.  G. 

13.  Botanical  Contribution 8,  by  Asa  Gray.  Yrom  ProceecHngs 
oft/ic  American  Academy  of  Arts  and  Sciences,  ^^^y?  1874,  vol. 
ix. — This  paper  is  wholly,  as  the  preceding  one  was  mainly,  de- 
voted to  Cinnposihv^  and  it  contains  several  North  American 
genera,  such  as  Madia,  Hanizonia  (18  species),  Boeria,  Actino- 
lepis  (8  species),  Schkuhria  (with  a  very  peculiar  new  species), 
Selenium  (now  of  20  species,  including  Mexican  ones),  MicroseHi, 
including  Calais  (11  species),  Mal<icothrix  (11  species),  Troocimon^ 
including  Macrorhynchus  and  Lygodesmia. 
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The  present  volume  of  the  Proceedings  indicates  an  increased 
activity  of  the  American  Academy,  at  least  in  the  way  of  publica- 
tiop.  This  ninth  volume  is  filled  with  the  work  of  tne  year,  end- 
ing with  the  meeting  in  May,  and  is  actually  issued  early  in  June. 
The  papers  are  separated  rrom  the  proceedings,  the  latter,  with 
the  notices  of  members  deceased  during  the  two  past  years,  form- 
ing the  latter  part  of  the  volume.  An  activity  upon  which  the 
Academy  (now  approaching  its  centenary)  may  pride  itself,  and 
whiQh  is  highly  creditable  to  the  two  secretaries.  a.  o. 

14.  litfiuence  of  Climate  and  Topography  on  Trees  around  San 
Francisco  Bay  /  by  L  G.  Cooper,  M.D.  A  paper  in  Proc.  Cali- 
fornia Acad.  ScL,  irfarch,  1874. — The  comparative  scarcity  of  trees 
and  small  number  of  species  around  the  bay,  as  compared  with 
the  districts  immediately  north  and  south,  arrested  Dr.  Copper's 
attention.  He  concludes  that  the  main  cause  of  the  deficiency  is 
the  prevalence  of  the  sea-wfnds  from  the  northwest,  throughout 
the  ary  season ;  these  sweeping  in  through  the  Golden  Gate  and 
through  the  depression  of  tlie  coast  range  between  Petaluma  and 
Tomales  Bay.  The  character  of  the  soil  and  elevation  above  the 
sea  are  of  comparatively  little  consequence.  "  Since  the  general 
coarse  of  the  mountain  ranges  is  nearly  northwest  in  this  region, 
and  the  wind  strikes  their  southwest  slopes  obliquely,  and  the, 
sun  in  its  daily  course  shines  most  intensely  and  longest  upon 
the  same  exposure,  it  follows  that  this  slope  is  almost  everywhere 
destitute  of  trees,  although  along  the  coast  exposed  to  the  great- 
est rainfall  and  the  most  fog.  'fiie  opposite  or  northeast  s^^P^®' 
therefore,  usually  have  the  greatest  tree  growth."  ..."  These 
winds  seem  to  act  in  two  ways.  First,  by  their  drying  power,  as 
seen  in  the  absence  of  trees  on  slopes  of  hills  exposed  to  them, 
while  trees  may  abound  on  the  opposite  slope,  though  facing  the 
south  and  more  exposed  to  the  sun.  Second,  by  their  coolness  not 
permitting  the  sun's  heat  to  produce  the  growth,  even  where  mois- 
ture is  abundant."  The  grouping  of  the  trees  of  the  district  at 
different  distances  around  San  I<  rancisco  is  then  given,  in  more 
detail.  a.  g. 

15.  Catalogue  of  Plants  growing  loUhout  C'ldtivation  in  the 
Stale  of  New  Jersey^  etc.  ;  by  Oliver  If.  Willis,  Instructor 
of  Xatural   Science  in    the  Alexander    Institute.      New    York 

SSchemerhom  <fe  Co.),  1 874.  Besides  the  70  pages  of  Catalogue, 
tfr.  Willis,  having  the  needs  of  botanical  students  and  collectors 
in  view,  has  usefmly  filled  several  pages  with  practical  suggestions 
to  teachers,  and  directions  for  drying  and  preserving  plants.  The 
latter  are  to  be  commended,  except  as  to  the  liquid  for  poisoning 
specimens.  "To  preserve  specimens  from  the  depredations  of 
insects,  make  a  saturated  solution  of  corrosive  sublimate  in  fourth- 
proof  alcohol,  then  add  an  equal  bulk  of  water,  and  with  this  solu- 
tion wet  the  parts  of  the  plants  attacked."  A  solution  of  this 
sort  will  not  penetrate  into  the  specimens  promptly,  and  the  weak 
spirit  will  evaporate  too  slowly.  Use  95  per  cent  alcohol,  and 
dilute  with  the  same,  or,  better,  dissolve  an  ounce  of  corrosive 
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sublimate  in  a  quart  of  the  strougest  alcohol,  and  it  will  be  of  the 
proper  strength.  The  poison  will  thus  promptly  penetrate  the 
interior  of  the  specimen,  and  be  left  there,  while  the  quick  evapo- 
ration of  the  alcohol  avoids  the  injury  which  water  or  weak  spirit 
may  give  rise  to.  Mr.  Willis  has  also  added  to  his  Catalogue  a 
list  of  the  botanists  of  this  country,  taken  firom  the  Botanical 
Directory  of  the  Torrey  Club.  The  Catalogue  itself  is  anusually 
full  of  details,  popular  accounts  of  the  more  remarkable  plants 
being  given,  ana  of  many  that  are  not  particularly  so.  One  item 
is  especiaUy  gratifying  to  farmers,  viz.,  that  the  author  has  never 
seen  a  Canada  Thistle  in  the  State,  "  except  in  the  Presbyterian 
church-yard.  Freehold."  Among  the  wild  plants  omitted  we  will 
mention  the  charmiiig  Linncea,  ▲.  6. 

1 6.«  Professor  C.  F.  Meissxer  of  Basle,  an  excellent  man  and 
distinguished  botanist,  who  has  long  been  infirm,  died  on  the  sec- 
ond of  May,  ult.  His  large  herbanum  had  become  the  property 
of  Columbia  College,  New  York,  through  the  liberality  of  a  gene^ 
ous  lover  of  botany,  and  is  joined  with  that  of  the  lament^  Dr. 
Torrey.  a.  g. 

17.  Illustrated  Catalogue  of  the  Museum  of  ComvaraHve  Zocir 
ogy^  No.  VII.  Revision  of  the  Echini^  Part  IV  ;  by  Alex- 
ander Agassiz. — This  part  completes  the  llevision  of  the  Echini, 
upon  which  Mr.Agassiz  has  b^en  engaged  for  several  years,  and  is 
devoted  to  their  Anatomy  and  Embryology.  Like  the  previoM 
parts,  it  is  accompanied  by  many  excellent  plates,  done  by  the  new 
photographic  processes,  increasing  the  total  number  of  plates  to 
ninety-four,  with  sixty-nine  wood-ituts.  Notwithstanding  the  very 
serious  loss,  in  the  Boston  fire,  of  manuscripts,  drawings  and  plates 
intended  for  this  v(»hHne,  the  author  has  produced  a  very  useful 
and  valuable  work,  in  which  the  entire  anatomy  and  embryology 
of  the  Echini,  so  far  as  known,  are  reviewed  in  detail.  There  are 
also  chapters  on  the  habits,  geological  succession,  and  affinities  of 
the  Echini.  Under  the  last  head  the  author  maintt'iins  the  view, 
held  quite  generally  by  Amenean  naturalists,  that  the  Echino- 
derms  are  closely  related  to  the  Acalephs  and  Polyps,  in  opposition 
to  the  opinions  of  many  j>rominent  European  zoologists,  that  thev 
are  allied  .to  the  worms,  or  form  by  themselves  a  separate  branch 
of  the  Animal  Kint^doni.  v. 

18.  Illustrated  Catalogtie  of  the  Museum  of  ComparcUive  Zod' 
0(/f/.  No.  VIII.  Zoological  Restdts  of  the  Ilassler  JSapedition,  1. 
Echini^  Crinoids^  and  Corals  \  by  Alex.  Agassiz  and  L.  F.  de 
PouRTALKS.  49  Y\>.  4  to,  with  10  plates. — The  iirst  part,  relating  to 
the  Echini,  is  l)y  Air.  Aijjassiz.  It  contains  description  of,  and  notes 
upon,  many  (»f  the  more  interestincj  species  collected  by  the  expe- 
dition, and  is  accompanied  by  four  plates,  upon  which  eleven 
species  are  well  figured  by  the  "  heliotype"  process.  Manv  of 
tlje  more  important  species  were  dredged  in  100  fathoms,  ofTmr 
badoes ;  others  are  from  Patagonia,  the  west  coast  of  America, 
and  the  Galapagos  Islands.  Mr.  Pouitales  describes  and  tigun^ 
a  new  species  of  Rhizocrinus  (R,  Raiosotiii)  dredged  in  80  to  120 
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fathoms,  off  Barbadoes.  He  also  describes  and  figures  a  specimen 
of  IfolopiiS  Hangii  D'Orb.,  from  off  Barbadoes,  loaned  to  Professor 
Agassiz  by  Governor  Rawson,  and  upon  the  study  of  which  Pro- 
fessor Agassiz  was  engaged  during  his  last  days  at  the  Museum. 
In  the  part  relating  to  the  Corals,  Mr.  Pourtales  has  described 
and  figured  many  interesting  deep-sea  species,  many  of  which 
are  new,  and  has  given  additional  localities  for  others  previously 
described.*  Most  of  them  are  from  the  rich  locality  off  Barbadoes, 
referred  to  above,  but  a  few  are  from  Brazil  and  the  Pacific. 
Among  the  more  interesting  forms  is  a  new  genus  (Duncania 
Jiarbadensis)  which  is  referred  to  the  Rugosa.  v. 

19.  On  the  ScUnts  of  the  California  Woodrat;  by  A.  W.  Chask, 
ABsistant  U.  S.  Coast  Survey.  (From  a  letter  to  B.  Silliman,  dated 
Anaheim,  California,  May  27, 1874.) — While  on  the  northern  coast 
I  noticed  a  fact  in  natural  history  to  me  quite  curious,  regarding 
the  habits  of  the  so-called  California  toood-rat.  I  am  not  suffi- 
ciently versed  in  such  matters  to  give  you  the  name  of  this  inters 
estins  creature.  It  is  a  little  larger  than  an  ordinary  Norway  rat, 
dark-brown  in  color,  with  large  lustrous  eyes,  and  a  tail  covered 
with  thin  hairs.  I  should  call  it  intermediate  between  the  squirrel 
and  rat.  This  creature  builds  its  nest  in  the  woods,  sometimes 
on  the  ground,  more  frequently  in  the  lower  branches  of  trees. 
They  accumulate  a  surprising  quantity  of  dried  twigs,  which  they 
interlace  to  form  a  dome-shaped  structure,  often  ten  or  twelve  feet 
high  and  six  or  eight  feet  in  diameter. 

Openings  in  the  mass  lead  to  the  center,  where  is  found  the 
nest,  consisting  of  the  finely-divided  inner  bark  of  trees,  dried 
grass,  etc.  But  it  is  to  the  peculiar  thievish  propensity  of  this 
uttle  creature  that  I  wish  to  call  attention. 

To  make  my  story  intelligible,  I  would  first  state  that  I  am 
partial  owner  of  some  property  on  the  Oregon  coast,  on  which  a 
saw  mill  had  been  placed,  but  which,  owing  to  various  causes,  has 
never  been  in  operation.  On  this  property  was  a  dwelling  house 
for  the  hands,  in  which,  on  work  bemg  discontinued,  were  stored  a 
quantity  of  stuff,  tools,  packing  for  the  engine,  six  or  seven  kegs 
of  large  spikes ;  in  the  closets,  knives,  forks,  spoons,  etc.  A  large 
cooking  stove  was  left  in  one  of  the  rooms.  ' 

This  house  was  left  uninhabited  for  two  years,  and,  being  at 
some  distance  from  the  little  settlement  it  was  frequently  broken 
into  by  tramps  who  sought  a  shelter  for*  the  night.  When  I 
enterea  this  house  I  was  astonished  to  see  an  immense  rat's  nest 
on  the  empty  stove.  On  examining  this  nest,  which  was  about 
five  feet  in  height,  and  occupied  the  whole  top  of  the  stove  (a 
large  range),  1  found  the  outside  to  be  composed  entirely  of 
tpueeSj  all  laid  with  symmetry  so  as  to  present  the  points  of  the 
nails  outward.  In  the  center  of  this  mass  was  the  nest,  composed 
of  finely  divided  fibers  of  the  hemp  packing.     Interlaced  with  the 

*  In  a  recent  letter  Mr.  Poortales  desires  us  to  make  the  following  correction : 
He  now  considers  the  species  described  as  FlabeBum  BragUienae  ^.  38,  pL  vi, 
HgB,  ^^  ^J)  identical  with  the  EuphyUia  gpintdoaa  Dana,  and  therefore  proposes 
to  oil  it  liaMbtm  tpitmXomim, 
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spikes,  we  found  the  following :  About  three  dozen  knives,  forks 
^nd  spoons,  all  the  butcher  knives,  three  in  number,  a  large  carv- 
ing knife,  fork  and  steel ;  several  larse  plugs  of  tobacco;  the  oa^ 
side  casing  of  a  silver  watch  was  disposed  of  in  one  part  of  the 
pile,  the  glass  of  the  same  watch  in  another,  and  the  works  in  still 
another ;  an  old  purse  containing  some  sUver,  matches  and  to- 
bacco; nearly  all  the  small  tools  from  the  tool  closets,  among 
them  several  large  augers.  Altogether,  it  was  a  very  curious 
mixture  of  different  articles,  all  of  which  must  have  been  trans- 
ported some  distance,  as  they  were  originally  stored  in  different 
parts  of  the  house. 

The  ingenuity  and  skill  displayed  in  the  construction  of  this 
nest  and  the  curious  taste  for  articles  of  iron,  many  of  them  heavy, 
for  component  pai*t8,  struck  me  with  surprise.  The  articles  of 
value  were  I  think  stolen  from  the  men  who  had  broken  into  the 
house  for  temporary  lodging.  I  have  preserved  a  sketch  of  this 
iron-clad  nest,  which  I  think  unique  in  natural  history. 

Many  curious  facts  have  since  been  related  me,  concerning  the 
habits  of  this  little  creature.  A  miner  told  me  the  following : 
He  once,  during  the  mining  excitement  in  Siskyioa  County, 
became  in  California  parlance  "  dead  broke,*',  and  applied  for  and 
obtained  employment  in  a  mining  camp,  where  the  owners,  hands 
and  all  slept  in  the  same  cabin.  Shortlv  afler  his  arrival  small 
articles  commenced  to  disappear ;  if  a  whole  plug  of  tobacco  were 
left  on  the  table,  it  would  be  gone  in  the  morning.  Finally  a  bag, 
containing  one  hundred  or  more  dollars  in  gold  dust,  was  taken 
from  a  small  table  at  the  head  of  a  "  bunk,"  in  which  one  of  the 
proprietors  of  the  claim  slept.  Suspicion  fell  on  the  new  comer, 
and  he  would  perhaps  have  fared  hardly;  for,  with  those  rough 
miners,  punishment  is  short  and  sharp;  but,  just  in  time,  a 
large  rat's  nest  was  discovered  in  the  garret  of  the  cabin,  and  in 
it  was  found  the  missing  money,  as  well  as  the  tobacco  and  other 
articles  supposed  to  have  been  stolen. 

20.  The  jDoctrine  of  Eoohition:  its  data^  its  principles^  its 
speoidationSy  and  its  TTieistic  hearings.  By  Alexander  Win- 
CHELL,  LL.I).,  Chancellor  of  Syracuse  University,  &c.  148  pp. 
12mo.  New  York,  1874.  ^Harper  &  Brothers.) — ^This  volume  is 
an  argument  against  the  derivation  of  species  by  gradual  variation. 
The  author  sustains  the  idea  of  a  system  of  evolution  in  the  organic 
kingdoms,  but  with  this  qualification,  that  "the  evolution,  while 
a  real  evolution  in  its  main  features,"  has  "many  facts  of  a 
strongly  discordant  character"  in  its  details.  He  observes  that 
the  theories  of  evolution  admitting  of  progress  by  considerable 
leaps  "escape  measurably  from  the  embarrassments"  which  those 
encounter  that  make  the  progress  gradual.  In  his  concluding  re- 
marks, after  a  recapitulation  of  his  deductioits  from  known  facts, 
the  author  says  that  there  exists  no  "a  priori  ground  for  denying 
that  some  phase  of  the  doctrine  of  filiative  evolution  in  the  organic 
world  may  yet  become  proven  and  established,"  and  then  rightly 
adds,  that  if  so  established  there  will  be  in  this  "  no  proof  of  the  ab- 
sence of  immediate  divine  agency  from  any  of  the  operations  of  life." 
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1-  On  the  Motions  of  some  of  the  Nehulm  toward  or  from  the 
irth;  by  William  Huggins. — The  observations  on  the  motions 

some  of  the  stars  toward  and  from  the  earth,  which  I  had  the 
nor  to  present  to  the  Royal  Society  in  1872,  appeared  to  show, 
)m  the  position  in  the  heavens  of  the  approaching  and  receding 
irs,  as  well  as  from  the  relative  velocities  of  their  approach  and 
cession,  that  the  sun's  motion  in  space  could  not  be  regarded  as 
e  sole  cause  of  these  motions.  "  There  can  be  little  doubt  but 
at  in  the  observed  stellar  movements  we  have  to  do  with  two 
her  independent  motions — namely,  a  movement  common  to  cer- 
in  groups  of  stars  and  also  a  motion  peculiar  to  each  star."* 
It  then  presented  itself  to  me  as  a  matter  of  some  importance 

endeavor  to  extend  this  inquiry  to  the  nebulae,  as  it  seemed 
^ssible  th&t  some  light  might  be  thrown  on  the  cosmical  relations 

the  gaseous  nebula  to  the  stars  and  to  our  stellar  system  by 
nervations  of  their  motions  of  recession  and  approach. 
Since  the  date  of  the  paper  to  which  I  have  referred,  I  have 
ailed  myself  of  the  nights  sufficiently  fine  (unusually  few  even 
r  our  unfavorable  climate)  to  make  observations  on  this  point. 
le  inquiry  was  found  to  be  one  of  great  difficulty,  from  the  faint- 
•88  of  the  objects  and  the  very  mmute  alteration  in  position  in 
e  spectrum  which  had  to  be  oDserved. 

At  first  the  inquiry  appeared  hopeless,  from  the  circumstance 
at  the  brightest  line  in  the  nebular  spectrum  is  not  sufficiently 
incident  in  character  and  position  with  the  brightest  line  in  the 
ectrum  of  nitrogen  to  permit  this  line  to  be  used  as  a  fiducial 
le  of  comparison.  The  line  in  the  spectrum  of  the  nebulaa  is 
rrow  and  defined,  while  the  line  of  nitrogen  is  double,  and  each 
mponent  is  nebulous  and  broader  than  the  line  of  the  nebulae. 
le  nebular  line  is  apparently  coincident  with  the  middle  of  the 
»  refrangible  line  of  the  double  line  of  nitrogen.f 
The  third  and  fourth  lines  of  the  nebular  spectrum  are  undoubt- 
ly  those  of  hydrogen,  but  their  great  faintness*  makes  it  irapossi- 
B  to  use  them  as  Imes  of  comparison  under  the  necessary  condi- 
^ns  of  great  dispersive  power,  except  in  the  case  of  the  brightest 
bulse. 

The  second  line,  as  X  showed  in  the  paper  to  which  I  have  re- 
Ted^  is  sensibly  coincident  with  an  iron  line,  wave-length  495*7 ; 
it  this  line  is  inconveniently  faint,  except  in  the  brightest  nebulae. 
In  the  course  of  some  other  experiments  my  attention  was  di- 
eted to  a  line  in  the  spectrum  of  lead  which  falls  upon  the  less 
Grangible  of  the  components  of  the  double  line  of  nitrogen. 
lis  line  appeared  to  meet  the  requirements  of  the  case,  as  it  is 
rrow,  of  width  corresponding  to  the  slit,  defined  at  both  edges, 
d  in  the  position  in  the  spectrum  of  the  brightest  of  the  hues 

the  nebulae. 

•  . 

1^ 'Proceedings  of  the  Royal  Society,  vol.  zz,  p.  392.  f  lb.,  p.  380. 
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In  December,  1872, 1  compared  this  line  directly  with  the  first 
line  in  the  spectrum  of  the  Great  Nebulae  in  Onon.  I  was  de- 
lighted to  find  this  line  sufficiently  coincident  in  position  to  serve 
as  a  fiducial  line  of  comparison. 

I  am  not  prepared  to  say  that  the  coincidence  is  perfect ;  on  the 
contrarj^,  I  believe  that  if  greater  prism  power  could  be  brought 
to  bear  upon  the  nebulse,  the  line  m  the  lead  spectrum  would  he 
found  to  be  in  a  small  degree  more  refrangible  than  the  line  in 
the  nebulas. 

The  spectroscope  employed  in  these  observations  contains  two 
compound  prisms,  each  giving  a  dispersion  of  9^  6'  fix>m  A  to  H. 
A  magnifying  power  of  16  diameters  was  used. 

In  the  simultaneous  observation  of  the  two  lines  it  was  found 
that  if  the  lead  line  was  made  rather  less  bright  than  the  nebular 
line,  the  small  excess  of  apparent  breadth  of  this  latter  line,  from 
its  greater  brightness,  appeared  to  overlap  the  lead  line  to  a  very 
small  amount  on  its  less  refrangible  side,  so  that  the  more  refran- 
gible side  of  the  two  lines  appeared  to  be  in  a  straight  line  acroH 
the  spectrum.  This  line  could  be  therefore  conveniently  employed 
as  a  fiducial  line  in  the  observations  I  had  in  view. 

In  my  own  map  of  the  spectrum  of.  lead  this  line  is  not  given. 
In  Thal6u's  map  (1868)  this  line  is  represented  by  a  short  line  to 
show  that,  under  the  conditions  of  spark  under  which  Thal£n  ob- 
served, this  line  was  emitted  by  those  portions  only  of  the  vapor 
of  lead  which  are  close  to  the  electrodes. 

I  find  that  by  alterations  of  the  character  of  the  spark  this  line 
becomes  long  and  reaches  from  electrode  to  electrode.  As  some 
of  those  conditions  (such  as  the  absence  of  the  Leyden  jars,  or  the 
close  approximation  of  the  electrodes  when  the  Leyden  jars  are  in 
circuit)  are  those  in  which  the  lines  of  nitrogen  of  the  air  in  whidi 
the  spark  is  taken  are  faint  or  absent,  the  circumstance  of  the  line 
becoming  bright  and  long,  or  faint  and  short  inversely,  as  the  line 
of  nitrogen  suggested  to  me  the  possibility  that  the  Ime  might  he 
due  not  to  the  vapor  of  lead  but  to  some  combination  of  nitrogen 
under  the  presenc.e  of  lead  vapor.  As,  however,  this  line  is  bright 
under  similar  conditions  when  the  spark  is  taken  in  a  current  of 
hydrogen,  this  supposition  cannot  be  correct. 

A  condition  of  the  spark  may  be  obtained  in  which  the  strong- 
est lines  of  the  ordinary  lead  spectrum  are  scarcely  visible,  and 
the  line  under  consideration  becomes  the  strongest  in  the  spectrum, 
with  the  exception  of  the  bright  line  in  the  extreme  violet. 

I  need  scarcely  remark  that  the  circumstance  of  making  use  of 
this  line  for  the  purpose  of  a  standard  line  of  comparison  is  not 
to  be  taken  as  affording  any  evidence  in  favor  of  the  existence  of 
lead  in  the  nebulae. 

Each  nebula  was  observed  on  several  nights,  so  that  the  whole 
observing  time  of  the  past  yeai:  was  devoted  to  this  inquiry.  In 
no  instance  was  any  change  of  relative  position  of  the  nebular 
line  and  the  lead  line  detected. 
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owB  that  noDe  of  the  nebulse  observed  shows  a  motioD  of 
on  so  great  as  25  miles  per  second,  including  the  earth's 
At  the  time.  The  motion  must  be  considered  in  the  re- 
be  drawn  from  the  observations ;  for  if  the  earth's  motion 
10  miles  per  second  from  the  nebulsB,  then  the  nebula 
ot  be  receaing  with  a  velocity  greater  than  15  per  second ; 
nebula  mi^ht  be  approaching  with  velocity  as  great  as  35 
r  second,  because  10  miles  of  this  velocity  would  be  de- 
by  the  earth's  motion  in  the  contrary  direction, 
•bservations  seem  to  show  that  the  gaseous  nebulie  as  a 
bodies  have  not  proper  motions  so  great  as  many  of  the 
tars.  It  may  be  remarked  that  two  other  kinds  of  motion 
3t  in  the  nebulae,  and  if  sufficiently  rapid,  may  be  detected 
$pectro8cope.  1.  A  motion  of  rotation  in  tne  planetary 
which  might  be  discovered  by  placing  the  slit  of  the  in- 
t  on  opposite  limbs  of  the  nebulae.     2.  A  motion  of  trans- 

the  visual  direction  of  some  portions  of  the  nebulous 
rithin  the  nebula,  which  might  be  found  by  comparing  the 

parts  of  a  large  and  bright  nebula. 

illiam  Herschell  states  that  "  nebulae  were  generally  de- 
1  certain  directions  rather  than  in  others,  and  the  spaces 
ig  them  were  generally  quite  deprived  of  stars ;  that  the 
ippearcd  some  time  after  among  stars  of  a  certain  consid- 
.ze,  and  but  seldom  among  very  small  stars;  that  when  I 
one  nebula  I  found  several  more  in  the  same  neighbor- 
id  afterward  a  considerable  time  passed  before  I  came  to 
parcel"* 

the  existence  of  real  nebulae  has  been  established  by  the 
he  spectroscope,  Mr.  Proctorf  and  Prof.  D'ArrestJ  have 
ttention  to  the  relation  of  position  which  the  gaseous 
lold  to  the  Milky  Way  and  the  sideral  system. 
i  with  the  hope  of  adding  to  our  information  on  this  point 
3e  observations  of  the  motions  of  the  nebulae  were  under- 

le  following  list  the  numbers  are  taken  from  Sir  J. 
I's  "  GenersS  Catalogue  of  Nebulae."  The  earth's  motion 
the  mean  of  the  motions  of  the  different  days  of  observa- 
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"  Other  Worlds  than  Ours,"  pp.  280-290. 

"  Astronomische  Nachrichten/'  No.  1908,  p.  190. 
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2.  Astronomu*cU  Observatory  in  the  Sierra  Nevada. — Mr.  James 
Lick,  of  San  Francisco,  already  renowned  for  his  munificent  gift  to 
the  California  Academy  of  Sciences,  has  recently  devoted  to  public 
purposes  $2,000,000  ;  and  of  this  sum  1700,000  are  set  aside  tor  the 
equipment  of  an  ^Vstrononiical  Observatory  on  some  elevated 
point  in  the  Sierra  Nevada.  Land  on  the  borders  of  Lake  Tahoe 
has  been  given  by  him.  Hut  in  case  this  site  is  not  thousht  the 
best,  the  trut^tees,  in  conjunction  with  Messrs.  Alvan  Clark  & 
Sons,  the  well-known  opticians,  are  to  appoint  a  person  who  shall 
determine  on  a  site.  The  $700,000  are  to  be  applied  to  the 
making  of  a  telescope  larger  and  better  than  any  now  in  existence; 
and  the  surplus  left,  after  paying  for  the  telescope,  is  to  be  invested 
for  the  maintenance  of  tne  observatory,  or,  '*  be  made  usefrd  in 
promoting  science." 

3.  Cordoba  Observatory, — The  report  of  Dr.  Gould  of  the  work 
done  at  this  observatory  during  the  past  year  is  received.  From 
this  we  learn  that  at  the  date  of  the  report,  538  zones  had  beea 
observed,  comprising  over  70,000  stars.  He  estimates  that  about 
1 15  zones  more  will  cover  tlie  southern  heavens  according  to  the 
plan  which  he  has  adopted  for  this  catalogue.  Rejecting  dupli- 
cates, he  estimates  the  whole  number  of  independent  stars  in  it  as 
likely  to  exceed  65,000.  He  states  that  the  middle  of  the  present 
year  may  see  the  zone  observations  completed. 

4.  (Joggia^s  Comet. — Dr.  Tietjkx  gives  the  elements  and  an 
ephemeris  of  the  Coggia  comet  in  the  Astronomische  NaehricKten^ 
No.  1993.     The  following  are  the  places : 


Berlin  Time. 

a 

6 

Idgfat-fMtor. 

July  4. 

Yh  3^.^01 

+63°     1' 

40 

7. 

40-3 

58    36 

58 

11. 

42-9 

51    25 

84 

15. 

44-7 

37    27 

128 

19. 

46-3 

+  23      6 

150 

23. 

48-0 

-    0      5 

149 

27. 

50-1 

-16    25 

112 

^Uff.      4. 

55-2 

-39    55 

45 

These  elements  bring  the  comet  within  about  25,000,000  miles 
of  us  in  the  fourth  week  in  July,  with  a  brilliancy^  ten-fold  that 
which  it  has  in  the  middle  of  June.  It  will  remain  below  Ursa 
Major  till  near  the  middle  of  July,  when  it  will  pass  rapidly  south, 
a  little  west  of  the  sun.  It  will  be  almost  directly  between  us  and 
the  sun  July  20th. 

5.  New  Planet. — A  new  planet  was  discovered  by  Mr.  Perrotin 
at  Toulouse  on  the  19th  of  May.  It  was  then  of  the  11  "6  mag- 
nitude. 

IV.    Miscellaneous  Scientific  Intelligbnck. 

1.  The  American  Museum  of  Natural  History^  New  York.— 
The  comer-stone  of  the  first  section  of  this  institution,  in  the  Geof 
tral  Park  of  the  city  of  New  York,  was  laid  by  the  President  of 
the  United  States,  on  the  2d  of  June,  in  the  presence  of  a  oon- 
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course  of  distinguished  people  from  various  parts  of  the  country. 
On  behalf  of  the  museum,  Mr.  Robert  L.  Stuart,  the  President  of 
the  Commission,  briefly  recounted  its  history,  its  incorporation  in 
1869  by  the  Legislature  of  New  York,  the  award  of  Manhattan 
square,  adjacent  to  the  Park,  for  its  use  and  that  of  the  Metropoli- 
tan Art  Museum,  with  the  donation  of  five  hundred  thousand  dol- 
lars to  each  for  the  commencement  of  the  buildings.  The  plans,  of 
which  the  present  portion  form  only  the  commencement,  contem- 

5 late  an  expenditure  of  $6,000,000.  Addresses  were  made  also  by 
[essrs.  Wales  and  Stebbins  on  behalf  of  the  Park  Commissioners, 
and  by  General  Dix  as  Governor  of  the  State,  all  fully  adopting 
and  commending  the  undertaking. 

Professor  Joseph  Henry,  Secretary  of  the  Smithsonian  Institu- 
tion, made  the  concluding  address,  setting  forth  the  true  aims  and 
purposes  of  such  a  museum  as  a  means  of  diffusing  a  knowledge  of 
science,  and,  by  proper  instructors  and  endowments,  fostering  a 
spirit  of  scientific  research  and  promoting  the  general  advancement 
of  science.  Under  a  wise  administration  of  its  afiairs,  the  Ameri- 
can Museum  of  Natural  History  will  not  fail,  for  the  want  of  means, 
to  carry  out  its  proper  purposes,  and  will  thus  become  a  source 
of  delight  and  of  advancement  to  the  great  community  about 
it,  and  an  honor  to  American  science  in  the  eyes  of  the  civilized 
world.  B.  8. 

2 1 .  Note  on  the  Hecent  EarthquaJces  of  Bald  Moun  tain^  in  Ruth- 
erford County^  North  Carolina  ;  by  Professor  F.  H.  Bradlby. — 
So  far  as  direct  observation  upon  the  disturbances  there  in  progress 
was  concerned,  my  trip  to  the  Bald  Mountain  region  was  a  failure, 
for  there  was  not  the  least  disturbance  during  our  visit.  But  from 
an  examination  of  the  present  condition  of  the  mountain,  on  both 
sides  and  at  the  top,  we  were  able  to  come  to  an  understanding  of 
the  phenomena  reported  to  us  by  residents  of  the  region.  And 
here  I  would  remark  that  the  reports  heretofore  published  have 
grown  rapidly  in  proportion  to  their  distance  from  home,  there 
having  been,  apparently,  no  foundation  for  the  stories  of  yawning 
crevices  and  smoking  pits.  The  phenomena  actually  observed 
seem  to  have  consisted  simply  of  noises  within  the  mountains, 
more  or  less  loud,  and  shakings  of  the  surface. 

The  sounds  are  variously  described  as  resembling  continuous 
musket  firing,  or  heavy  cannonading,  or  "the  rumble  of  a  heavy 
iron-axled  wagon  rolling  rapidly  over  a  rocky  road."  The  shak- 
ings were  wave-like  vibrations  of  the  surface,  moving  laterally  from 
the  center  of  disturbance,  and  causing  cracks  in  walls  and  chim- 
neys, and  occasionally  throwing  down  loose  articles. 

These  are  the  common  phenomena  of  earthquakes,  but  they  were 
here  much  more  local  and  less  violent  than  usual.  There  was 
nothing  properly  volcanic  about  them ;  and  the  region  shows  no 
volcanic  rock.  Bald  Mountain  forms  one  of  the  southeastern  spurs 
of  the  easternmost  range  of  the  Blue  Ridge  proper,  and  consists 
of  micaceous  and  homblendic  schists  and  gneisses,  having  the 
variable  southeasterly  dip  characteristic  of  the  whole  range. 
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2.  I^lHctiuUionB  iti  the  Great  Lakes. — In  the  number  of  Xatftrt 
for  April  SOth,  Mr.  G.  M.  Dawson  endeavors  to  show,  by  a  com- 
parison of  observations,  that  there  is  probably  a  connection  be- 
tween the  fluctuations  of  the  American  Lakes  and  the  development 
of  sun-spots.  More  extended  observations  are  required  to  give 
probability  tt)  the  conclusion. 

3.  Chemmil  Centemna4^  August  \et^  1874. — ^Northumberland, 
in  Pennsylvania,  on  the  Susquehannah,  the  place  where  Dr. 
Priestley  was  buried,  has  V>een  selected  as  the  spot  at  which  all 
chemists  are  invited  to  <;ather  on  the  first  of  Angost  next,  the 
hundreth  anniversary  of  the  discoverv  of  oxygen  by  the  illastrioos 
philosopher.  An  address  is  to  be  delivered  over  his  grave.  This 
proposition  of  Dr.  Holton,  to  which  we  have  referred  already,  has 
met  with  a  cordial  response^  from  a  large  number  of  chemists.  Pro- 
fessor Henry,  of  the  Smithsonian,  proposes  to  be  present  with  some 
of  the  orifrinal  apftarsitus  of  Priestley  from  the  Smithsonian  col- 
lections. The  first  of  Auc^ust  falling  on  Saturday,  the  meeting  wiU 
be  called  for  the  day  nn^vious.  A  programme  will  be  soon  issued 
by  the  committee  in  cliarge. 

4.  TopograpJmuil  Atltu^  projected  to  UhiUrate  expiorctUone  of 
8urvei/M  we^t  of  the  1  OOfh  meridian  ;  under  the  direction  of  Hon. 
Wm.  \V.  l^ELKNAP,  Secretary  of  War,  by  the  Corps  of  Enffineen, 
U.  S.  Army,  Britjatlier-iTenenil  A.  A.  Humphreys,  Chief  ot  Engi- 
neers: embracintr  results  of  the  different  expeditions  under  Ist 
Lieut.  Gko.  M.  Whkklkr,  Corps  of  Engineers. — ^The  expeditions 
referred  to  in  this  title  are  those  of  1869,  1871,  1872  and  1873. 
The  maps  here  issued,  six  in  number,  are  in  large  folio,  and  hand- 
somely printed.  The  first  gives  in  colors  a  general  view  of  the 
drainage  areas  of  the  country  west  of  the  Mississippi;  the  second, 
a  subdivision  of  the  re<xion  west  of  the  100th  meridian  to  the 
Tacifie,  into  etpiul  an'as,  04  in  all,  for  each  of  which  a  separate 
map  is  projected ;  and  the  remaining  four  arc  maps  number  50, 
5S,  59,  (»G,  of  the  Atlas.  On  these  maps  the  toi)ographY  is  repre- 
r(>s(>nte<l  with  much  det^ul  and  clearness.  The  completed  atlas 
will  be  a  verv  important  contribution  to  American  geography. 
Lieutenant  Wfieeler  takes  the  field  this  season  for  the  continua- 
tion of  liis  surveys. 

5.  Anfiiffd  lif'cord  of  N'/V«ce  and  InduMry  for  1878.  Edited 
by  Spen<'kk  F.  IJaiud,  with  the  assistance  of  eminent  men  of 
science.  l2mo,  y\k  714.  New  York  (Harper  &,  Brothers),  1874. 
— This  is  the  thini  volume  of  Prof.  Haird's  AnnuaL  A  general 
summary  of  scientitic  and  industrial  j>rogress  during  the  year  1878 
occupies  an  introductory  chapter  of  Ki2  pages,  covering  a  wide 
range  of  subjects  from  astronomy  to  technology.  The  whole  vol- 
ume is  rich  in  varied  antl  useful  facts. 

0.  Mountain  Srul^^ture  in  tha  Sierra  Nevada. — The  article  on 
Mountain  Sculpture,  cited  from  in  the  preceding  volume,  at  page 
516,  (for  a  copy  of  which  we  are  indebted  to  Prof.  E.  S.  Carr,)  was 
written,  as  Prof.  Carr  has  recently  informed  us,  by  Mr.  John  Mnir. 

Critical  Essays  od  PliyRics,  Metapliysics  and  Ethics,  by  Lawrence  S.  Benson. 
Vol.  I.   Physics.    164  pp.  Svo.    New  York,  1874.    (James  8.  Bumton.) 

The  Psydiology  of  Soepticiam  and  Phenomenalism,  by  James  Andrews.  BO  pp 
12mo.    Glasgow,  1874.    (James  Maclehose.) 
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tKT.  IX. — Researches  in  Acoitsiics :  by  ALFRED  M.  Mayer. 

Paper  No.  5,*  containing : 

An  Experimental  Conflrmation  of  Fourier's  Theorem  as  applied  to  the  decom- 
position of  the  vibrations  of  a  composite  sonorous  wave  into  its  elementary  pen- 
dulum-vibrations. 

An  Experimental  Illustration  of  Helmholtz's  Hypothesis  of  Audition. 

Experiments  on  the  supposed  Auditory  Apparatus  of  the  Culez  Mosquito. 

•  Suggegtions  as  to  the  function  of  the  spiral  seals  of  the  Cochlea,  leading  to 
ftn  Ujpothesis  of  the  Mechanism  of  Audition. 

•  Seven  Experimental  Methods  of  Sonorous  Analysis  described  and  discussed. 

•  The  Curve  of  a  Musical  Note,  formed  by  combining  the  sinusoids  of  its  first  six 
barmonics ;  and  the  curves  formed  by  combining  the  curves  corresponding  to 
various  consonant  intervals. 

^'  Expemnents  in  w^hich  are  produced  from  the  above  (sea  6)  eurves  the  Motions 
of  a  Molecule  of  Air  when  it  is  animated  with  the  resultant  action  of  the  six 
elementary  vibrations  forming  a  musical  note ;  or  is  set  in  motion  by  the  com- 
plied action  of  sonorous  vilnrations  forming  various  consonant  intervals. 

I-  An  Experimental  Confirmation  of  Fourier^ a  Theorem  as  applied 
to  Hie  decomposition  of  the  vibrations  of  a  composite  sonorous 
loave  into  its  elementary  pendulum-vibrations. 

A  simple  sound  is  a  sound  which  has  only  one  pitcL  Such 
isounj  is  produced  when,  with  a  bow,  we  gently  vibrate  the 
pi^njrs  of  a  tuning-fork  and  bring  them  near  a  cavity  which  re- 
sounds to  the  fork's  fundamental  tone.  An  almost  pure  simple 
sound  can  be  obtained  by  softly  blowing  a  closed  organ-pipe. 
On  examining   the  nature  of  the  vibratory  motions  of  the 

*  This  paper  is  the  fifth,  in  the  series  of  those  on  Acoustics,  already  published 
Q  this  J<nimal.    The  preceding  papers,  however,  were  not  numbered. 

Sections  1 ,  2, 3,  5,  6  and  7  of  this  paper  were  read  before  the  National  Acad- 
njof  Sciences  during  the  session  ol  November,  1873.  Section  4  was  read  before 
lie  Academy  on  April  21,  1874. 

AsL  JocB.  Aci.— Third  Series,  Vol.  VIII,  No.  44.— Aug.,  1874. 
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• 
prongs  of  the  fork*  and  of  the  molecules  of  air  in  the  resound- 
ing cavityt  and  in  the  closed  organ-pipe,^:  we  find  that  each  of 
these  vibrations  follows  the  same  law  of  reciprocating  motion 
as  governs  the  vibrations  of  a  freely-swinging  pendulum.     But 
other  bodies,  for  instance,  the  free-reeds  of  organ-pipes  and  of 
melodeons,§  vibrate  like  the  pendulum,  yet  we  can  decompose 
the  vibrations  they  produce  in  the  air  into  many  separate  pen- 
dulum-vibrations, each  of  which  produces  in  the  ear  a  simple 
sound  of  a  definite  pitch ;  thus,  wc  see  that  a  pendulum- 
vibrating  body,  when  placed  in  certain  relations  to  the  air  on 
which  it  acts,  may  give  rise  to  highly  composite  sounds.     It  is, 
therefore,  evident  that  we  cannot  always  decide  as  to  the  simple 
or  composite  character  of  a  vibration  reaching  the  ear  solely 
from  the  determination  of  the  motion  of  the  body  originating 
the  sound,  but  we  are  obliged  \o  investigate  the  character  of 
the  molecular  motions  of  the  air  near  the  ear,  or  of  the  motion 
of  a  point  on  the  drum  of  the  ear  itself,  in  order  to  draw  con- 
clusions as  to  the  simple  or  composite  character  of  the  sensation 
which  may  be  produced  by  any  given  vibratory  motion.    Al- 
though we  cannot  often  detect  in  the  ascertained  form  of  an 
aerial  vibration  all  the  elementary  pendulum-vibrations,  and 
thus  predetermine  the  composite  sensation  connected  with  it; 
yet,  if  we  find  that  the  aerial  vibration  is  that  of  a  simple  pen- 
dulum, we  may  surely  decide  that  we  will  receive  from  it  only 

*  In  mj  course  of  lectures  on  Acoustics,  I  thus  show  to  tdj  students  that  the  proof 
of  a  tuning-fork  vibrates  like  a  pendulum.  I  take  two  of  lissajous'  reflecting  nario, 
giving,  saj,  the  major  third  interval,  and  with  them  I  obtain  on  a  screen  the  com 
of  this  interval  in  electric  light.  On  a  glass  plate  I  have  photographed  Uie  tboie 
curve  of  the  major  third  passing  through  a  set  of  rectang^ular  coordinates  formed  of 
the  sines  of  two  circles  whose  circumferences  are  respectivelj  divided  into  20  and  35 
equal  parts.  I  now  place  this  plate  over  the  condensing-lens  of  a  vertical  la&ton 
and  obtain  on  the  screen  the  curve,  the  circles  and  their  net  of  oo5rdinates.  Sot' 
pended  over  the  lantern  is  a  Blackburn's  compound  pendulum,  whidi  is  so  oob- 
Btnicted  that  its  "bob"  cannot  rotate  around  its  axis.  The  bob  is  hoUow  and  a 
curved  pipe  leads  from  its  bottom  to  one  side  of  the  pendulmn.  The  pendulum 
is  now  deflected  into  a  plane  at  45°  with  its  two  rectfmgular  pUmes  of  vibratKNi  lo 
that  the  end  of  the  curved  pipe  coincides  with  the  beginning  of  the  curve  over  tbe 
lantern.  The  bob  of  the  pendulum  is  fastened  with  a  fine  oord  in  this  position  and 
fine  hoiir-glass  sand  is  poured  into  it ;  the  cord  is  now  burned  and  the  sand  is  d»- 
livored  from  tlie  pipe,  as  the  swinging  pendulum  g^ves  the  resultant  of  its  motkxis 
in  the  two  planes  of  vibration,  while  the  photographed  curve  cm  the  lantern  is  pro- 
gressively covered  with  tlie  sand  if  the  tines  of  the  two  vibrations  of  the  pendn* 
lum  are  to  each  other  as  4  to  5. 

JHelmholtz,  Tonempflndungen,  1857,  p.  15.    Crelle's  Jour,  fiir  Math.    Bd.  Im 
See  Mach's  Optisch-Akustische  Versuche,  Prag.,  1873,  p.  91.    Die  Strobos- 
kopisclie  Darstellung  der  Liift^chwing^ngen. 

g  Tlie  Rev.  S.  B.  Dod,  one  of  the  trustees  of  the  Stevens  Institute,  has  recenflj 
made  an  experiment  which  nently  shows  this.  He  silvered  the  tips  of  two  mdo- 
deon  reeds  and  then  vibrated  them  in  planes  at  right  angles  to  each  other,  while  a 
beam  of  liglit  was  reflected  from  them.  The  resultant  figure  of  their  vibration! 
is  the  same  as  that  obtained  by  two  Lissajous*  forks  placed  in  the  same  oiicon- 
stances  and  having  the  same  musical  interval  between  them  as  that  exiBting  be* 
tween  the  reeds. 
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the  sensation  of  a  simple  sound.    Thus,  if  we  arm  the  prong  of 
a  tuning-fork  with  a  point,  and  draw  this  point  on  a  lamp-black- 
ened sur&ce  with  a  uniform  motion,  and  in  a  direction  parallel 
to  the  axis  of  the  fork,  we  shall  obtain  on  the  surface  a  sinu- 
soidal or  harmonic  curve  ;*  and  this  curve  can  only  be  produced 
by  the  prongs  of  the  fork  vibrating  with  the  same  kind  of  motion 
as  that  of  a  freely -swinging  pendulum.     If  we  now  bring  this 
vibrating  fork  near  the  mouth  of  a  glass  vessel  whose  mass  of 
air  responds  to  the  tone  of  the  fork  and,  by  the  method  of  Mach, 
examine  the  vibratory-motions  of  the  air,  we  shall  see  it  swing- 
ing backward  and  forward;  and  by  combining  these  vibrations 
with  the  rectangular  vibrations  of  forks  placed  outside  of  the  ves- 
sel we  shall  obtain  the  curves  of  Lissajous.    If  the  membrane  of 
the  drum  of  the  ear  be  placed  in  connection  with  the  resounding 
cavity,  it  must  necessarily  partake  of  the  motion  of  the  air 
which  touches  it,  and  ultimately  the  auditory  nerve  fibrillse  are 
shaken  in  the  same  manner,  and  we  receive  the  sensationf  of  a 
simple  sound.     Here  the  mind  naturaUy  inquires  the  reason  of 
this  connection  existing  between  the  sensation  of  a  simple  sound 
and  the  pendulum-vibration.     It  has  always  appeared  to  me 
that  the  explanation  of  this  invariable  connection  is  that  the 
pendulum-vibration  is  the  simplest  vibratory  motion  that  the 
molecules  of  elastic  matter  can  partake  of,  and  that  the  connec- 
tion of  the  sensation  with  the  mode  of  vibration  is  the  connec- 
tion   between  the  simplest  sensation   perceived   through   the 
intervention  of  the  trembling  nerves,  and  the  simplest  vibration 
which  they  can  experience.     Indeed,  the  pendulum-vibration  is 
the  only  one  which  produces  the  sensation  of  sound,  for  if  any 
other  recurring  vibration  enters  the  ear  it  is  decomposed  by  the 
ear  into  its  elementary  pendulum- vibrations,  and  if  it  cannot 
be  so  decomposed  then  the  given  vibration  is  not  recurring  and 
does  not  produce  in  us  the  sensation  of  sound,  but  causes  that 
which  we  denominate  as  noise.     This  remarkable  connection 
between  a  simple  sound  and  the  pendulum,  or  harmonic,  vibra- 
tion, together  with  the  fact  of  the  power  of  the  ear  to  decompose 
the  motions  of  a  composite  sonorous  wave  into  its  vibratory 
elements,  was  thus  distmctly  enunciated  by  Ohm.     The  ear  has 
the  sensation  of  a  simple  sound  only  when  it  receives  a  pendulnm- 
vibration^  and  it  decomposes  any  other  periodic  motion  of  the  air 
into  a  series  of  pendulum-vilrrations,  each  of  which  corresponds  to 
the  sensation  of  a  simple  sound, 

"Y"  +  a  J .    The  length  on  the  axis  fit 

one  recurring  period  of  the  curve  is  "k ;  the  constant  a  is  the  maximum  ordinate,  or 
,  aDplituda    The  form  of  the  curve  is  not  affected  by  a,  but  any  change  in  its  value 
riioM  the  whole  curve  along  tlie  axis  of  x.    It  is  interesting  to  observe  that  this 
curve  ezpreasee  the  annual  variation  of  temperature  in  the  temperate  zones. 

f  See  HelmholtB  on  the  distinction  between  a  sensation  and  a  perception. 
ToDempfindaDgen,  p.  101. 
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We  have  seen  that  the  harmonic  curve  is  the  curve  which 
corresponds  to  the  motion  which  caunes  the  sensation  of  a  sim- 
ple sound,  but  a  molecule  of  vibrating  air  or  a  point  on  the 
tympanic  membrane  may  be  actuated  by  vibratory  motions, 
which,  when  projected  on  a  surface  moving  near  them,  will 
develop  curves  which  depart  greatly  from  the  simplicity  of  the 
harmonic,  or  curve  of  sines;*  but  nevertheless  these  curves 
will  alway  be  periodic  if  the  sensation  corresponding  to  their 
generating  motions  is  that  of  sound.  Now  Fourier  has  shown, 
and  states  in  his  theorem,  that  any  periodic  curve  can  always  be 
reproduced  by  corresponding  harmonic  curves  (often  infinite  in 
number)  having  the  same  axis  as  the  given  curve  and  having  the 
lengths  of  their  recurring  periods  as  1,  i,  -J,  J,  &a,  of  the  given 
curve  ;  and  the  only  limitation  to  its  irregularity  is  that  its  ordi- 
nates  must  be  finite,  and  that  the  projection  on  the  axis,  of  a 

Joint  moving  in  the  curve,  must  alwavs  progress  in  the  same 
irection.  Fourier  demonstrates  that  the  given  curve  can  only 
be  reproduced  by  one  special  combination,  and  shows  thatb? 
means  of  definite  integrals  one  can  assign  the  definite  sinusoids 
with  their  amplitudes  and  differences  of  phase.  Now  Helm- 
holtzf  has  shown  that  diflferences  of  phase  in  the  constituent 
elementary  sounds  do  not  alter  the  character  of  the  compo- 
site sound,  and  therefore,  that  although  the  forms  of  the  cunre 
corresponding  to  one  and  the  same  composite  sound  may  be 
infinite  in  variety  (by  reason  of  differences  in  phase  and  ampli- 
tude in  the  component  curves),  yet  the  composite  sound  is 
always  resolved  into  the  same  elements.  This  experimental 
result  of  Ilclmholtz  also  conforms  to  the  theorem  of  Fourier  in 
reference  to  the  curves  projected  by  such  motions ;  for  he  has 
shown  that  only  one  series  of  sinusoidal  resolution  i^  possibla 
Fourier's  theorem  can  be  expressed  as  follows:  The  con- 
stants C,  C,,  Cj,  &c.,  and  a,,  a^,  &c.,  can  be  determined  so  that 
a  i)eriod  of  the  curve  can  be  defined  by  the  following  equation:* 

y=C-f.C,  sin(?p.+.a,)-f.Ca  8in^2  ^-f-aaj-f . . .. 

But  Fourier's  theorem  is  the  statement  of  a  mathematical 
possibility,  and  it  does  not  necessarily  follow  that  it  can  be  im- 
mediately translated  into  the  language  of  dynamics  without 
experimental  confirmation,  for,  as  JEelmholtz  remarks,  "That 
mode  of  decomposition  of  vibmtory  forms,  such  as  the  the- 
orem of  Fourier  describes  and  renders  possible — is  it  only  a 

*  In  section  5  of  this  paper,  I  have  constructed  several  important  curvea  coiTe' 
8j>oudiug  to  composite  vibrations. 

JTonompftndungen,  p.  190  et  aeq. 
For  other  and  more  convenient  forms  of  expression  of  this  theorem,  as  well  as 
for  a  demonstration  of  it,  see  pp.  52  and  60  of  Donkin's  Acousticfl — ^the  moet  ad- 
mirable work  ever  written  on  the  mathematical  theory  of  sound. 
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athematical  fiction,  admirable  because  it  renders  computation 
cile,  but  not  corresponding  necessarily  to  anything  in  reality  ? 
"^hy  consider  the  pendulum-vibration  as  the  irreducible  ele- 
ent  of  all  vibratory  motion?  We  can  imagine  a  whole, 
vided  in  a  multitude  of  different  ways ;  in  a  calculation  we 
ay  find  it  convenient  to  replace  the  number  12  by  8-f  4,  in 
der  to  bring  8  into  view ;  but  it  does  not  necessarily  follow  that 
I  should  always  and  necessarily  be  considered  as  the  sum  of 
h4.  In  other  cases  it  may  be  more  advantageous  to  consider 
e  number  as  the  sum  of  7-f  5." 

The  mathematical  possibility,  established  by  Fourier,  of  de- 
mposing  any  sonorous  motion  into  simple  vibrations,  cannot 
ithorize  us  to  conclude  that  this  is  the  only  admissible  mode 
decomposition,  if  we  cannot  prove  that  it  has  a  signification 
sentially  real.  The  fact,  that  the  ear  effects  that  oecomposi- 
in,  induces  one,  nevertheless,  to  believe  that  this  analysis  has 
signification,  independent  of  all  hypothesis,  in  the  exterior 
>rld.  This  opinion  is  also  confirmed  precisely  by  the  fact 
ited  above,  that  this  mode  of  decomposition  is  more  advan- 
;eous  than  any  other  in  mathematical  researches.  For  the 
3thods  of  demonstration  which  comport  with  the  intimate  na- 
re  of  things,  are  naturally  those  which  lead  to  theoretic  results 
e  most  convenient  and  the  most  clear." 
The  theorem  of  Fourier  translated  into  the  language  of  dy- 
mics  would  read  as  follows :  **  Every  periodic  vibratory  motion 
1  always^  and  always  in  one  manner^  be  regarded  as  the  sum  of 
certain  number  of  pendulum-vibrations.^^ 

Now  we  have  seen  that  any  periodic  vibratory  motion,  which 
s  the  proper  velocity,  will  cause  the  sensation  of  a  musical 
te,  and  that  a  pendulum-vibration  gives  the  sensation  of  a 
nple  sound  ;*  therefore,  if  Fourier's  theorem  is  applicable  to 
3  composition  and  decomposition  of  a  composite  sonorous 
ive,  it  will  be  thus  related  to  the  phenomena  of  sound : 
SVery  vibratory  motion  in  the  auditory  canal,  corresponding  to  a 
isical  sound,  can  always,  aiid  always  in  one  manner,  be  consid' 
d  as  the  sum  of  a  certain  number  of  pendulum-vibrations,  corre- 
ynding  to  the  elementary  sounds  of  the  given  musical  noteJ*' 
Heretofore  we  have  called  in  the  aid  of  the  sensations, — 
mmed  to  be  received  through  the  motions  of  the  co-vibrating 

• 

*  Professor  Donkin,  in  his  Aooustic8,  Oxford,  1870,  p.  11,  advises  the  use  of  tone 
lesignate  a  simple  sound,  and  the  word  note  to  distinguish  a  composite  sound. 
t  reasons  are  "  that  kme  (Gr.  rivoq)  really  means  tension^  and  the  effect  of  ten- 
a  IB  to  determine  the  pitch  of  the  sound  of  a.string ;"  while  a  musical  note  is  gen- 
ilj  a  oomposite  sound.  Professor  Donkin  further  states :  "  Helmholtz  uses  the 
rds  MoMg  and  Um  to  signify  compound  and  simple  musical  sounds.  We  have 
owed  him  in  adopting  the  latter  term.  But  such  a  sound  as  that  of  the  human 
DB  conld  luffdly  in  English  be  called  a  dang,  without  doing  too  much  violence 
wtablished  usage." 
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parts  of  the  ear, — to  help  us  in  our  determination  of  the  simple 
or  composite  character  of  a  given  vibratory  motion ;  but  Fou- 
rier's theorem  does  not  refer  to  the  subjective  effects  on  the 
organ  of  hearing, — the  dynamic  function  of  whose  parts  are 
vet  very  imperfectly  understood.     Ohm*s  theorem,  on  the  other 
hand,  refers  entirely  to  these  subjective  phenomena  of  the  ear's 
analysis  of  a  complex  sensation  into  its  simple  elements.     As 
Fourier's  theorem  refers  only  to  the  decomposition  of  a  com- 
posite recurring  vibration  into  its  elementary  pendulum-vibra- 
tions, it  has  nothing  to  do  with  the  phvsiological  feet  of  the 
co-relation  of  the  pendulum-vibration  and  the  simplest  auditory 
sensation ;  though  this  well  ascertained  relation  ^ives  us  the 
privilege  of  using  this  sensation  as  an  indicator  of  the  existence 
of  an  aerial  pendulum-vibration.     Hence,  as  Fourier's  theorem 
is  entirely  independent  of  our  sensations,  we  must  endeavor  to 
venfy  it  directly  by  experiments,  which  must  perform  the  actual 
decomposition  of  the  composite  periodic  motion  of  a  point  into 
its   elementary   pendulum-vibrations.      But  many   difficulties 
present  themselves  when  we  would  bring  to  the  test  of  experi- 
ment the  dynamic  signification  of  Fourier's  theoreuL     For 
example,  the  composite  sound-vibration,  on  which  we  would 
expenment,  emanates  from  a  multitude  of  vibrating  points; 
parts  of  the  resultant  wave  surface  differ  in  their  amplitudes  of 
vibration ;  yvhile  points  equally  removed  from  one  ana  the  same 
point  of  the  body  originating  the  vibrations,  may  differ  in  their 
phases  of  vibration  ;  so  that  when  such  a  wave  falls  upon  co- 
vibrating  bodies  which  present  any  surface,  the  effects  produced 
are  the  results  of  extremely  complex  motions.     The  mind  sees 
at  once  the  difference  between  this  complicated  conception  and 
the  simple  one  embodied  in  the  statement  of  the  dynamic  appli- 
cation of  Fouriers  theorem. 

As  the  mathematician  decomposes  seriatim  every  point  of 
the  recurring  curve  into  its  harmonic  elements,  so  the  pnysicist, 
in  confirming  the  dynamic  application  of  Fourier's  theorem, 
should  decompose  into  its  simple  pendulum-vibrations  the 
composite  vibratory  motion  which  such  a  curve  represents,  and 
indeed  reproduces  when  it  is  drawn  with  a  uniform  motion 
under  a  slit  in  a  diaphragm  which  exposes  to  view  only  a  point 
of  the  curve  at  once.  Tlieretbre,  only  one  vibrating  point  of 
the  composite  sononms  wave  should  be  experimented  on,  and 
the  composite  vibratory  motion  of  this  pomt  should  be  con- 
veyed along  lines  to  points  of  elastic  bodies  which  can  only 
partake  of  simple  pendulum-vibrations.  All  of  these  essential 
conditions  I  have  succeeding  in  securing  in  the  following 
arrangement  of  appanitus. 

A  loose  inelastic  membrane — (thin  morocco-leather  does  well) 
— was  mounted  in  a  frame  and  placed  near  a  reed-pipe ;  or,  as  in 
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other  experiments,  the  membrane  was  placed  over  an  opening 
in  the  front  of  the  wooden  chamber  of  a  Greni^'e  free-reed  pipe. 
The  ends  of  several  fine  fibers  from  a  silk-worm's  cocoon  were 
brought  neatly  together  and  cemented  to  one  and  the  same 
point  of  the  membrane,  while  the  other  ends  of  these  fibers 
were  attached  to  tuning-forks  mounted  on  their  resonant  boxea, 
as  shown   in  fig    1.      In  the  experiment  which  I  shall  now 


describe,  eight  forks  were  thus  connected  with  one  point  of  the 
membrane.  The  fundamental  tone  of  the  mpe  was  Utj  of  128 
vibrations  per  second  ;  and  the  pipe  was  brought  into  accurate 
unison  with  a  fork  giving  this  sound.*  The  forks  connected 
with  the  membrane  were  the  harmonic  series  of  Ut,,  Ut,,  Sol,, 
Ut,,  Mi,,  Sol,,  Bi~,  Utj.  In  the  first  stage  of  the  experiment 
we  will  suppose  that  the  fibers  are  but  slightly  stretched ;  then, 
on  sounding  the  pipe,  all  the  fibers  at  once  break  up  into  exqui- 
site combinations  of  ventral  segments.  If  the  sunshme  fall  upon 
a  vibrating  fiber  and  we  look  on  it  obliquely,  in  the  direction 
of  its  length,  we  shall  see  ventral  segments  superimposed 
on  ventral  segment  in  beautiful  and  changing  combinations- 
On  gradually  tightening  the  fibers,  we  diminish  the  number  of 
their  nodes,  and  on  reaching  a  certain  degree  of  tension  with 
fibers  1  m.  long,  I  have  seen  them  all  vibrating  with  single  ven- 
tral segment-).  On  increasing  the  tension,  the  amplitudes  of 
these  single  segments  gradually  diminish  and  at  last  dis- 
appear entirely,  so  far  as  the  unaided  eye  can  discern,  and  then 
we  have  reached  the  conditions  required  in  our  experimental 
confirmation. 

*  Siooe  the  nomber  of  beats  per  wcobd  given  by  an;  harmotiio  (of  ft  pipe  out  of 
tone  with  its  haVmonic  Beriea  of  forks)  will  be  ua  the  order  of  the  hsrmoDic,  it  ii 
better  to  tune  a  reed  to  uoiaoD  with  ft  fork  giving  one  of  its  higher  bftrmomoa. 
I  geiter»)lj  lued  tbe  Sol,  fork,  or  the  3d  hannooia 
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The  point  of  the  membrane  to  which  the  fibers  are  attached 
is  actuated  by  a  motion  which  is  the  i;^esaltant  of  all  of  the 
elementary  pendulum-vibrations  existing  in  the  composite 
sonorous  wave,  and  tha  composite  vibrations  of  this  point  are 
sent  through  each  of  the  fibers  to  its  respective  forlL  Thus, 
each  fiber  transmits  to  its  fork  the  same  composite  vibra- 
tory motion,  while  each  fork  can  only  vibrate  so  as  to  give  the 
simple  pendulum-vibration  of  a  simple  sound,  for  each  fiber  is 
attached  to  its  fork  at  a  point  which  lies  in  the  upper  node  of 
the  segments  into  which  the  fork  divides  when  it  gives  its 
higher  harmonic.  Now  if  Fourier's  theorem  has  "  an  existence 
essentially  real,"  any  fork  will  select  from  the  composite  vibra- 
tory motion,  which  is  transmitted  to  it,  that  motion  which  it 
has  when  it  freely  vibrates ;  but  if  its  proper  vibration  does  not 
exist  as  a  component  of  the  resultant  motion  of  the  membrane, 
it  will  not  be  in  the  least  affected.  Now  this  is  exactly  what 
happens  in  our  experiment,  for  when  the  plj^e  is  in  tune  with 
the  harmonic  series  of  forks,  the  latter  sing  out  when  the  mem- 
brane is  vibrated ;  but  if  the  forks  be  even  slightly  thrown  out 
of  tune  with  the  membrane,  either  by  loading  them,  or  by  alter- 
ing the  length  of  the  reed,  they  remain  silent  when  the  sound- 
ing pipe  agitates  the  membrane  and  the  connecting  fibers.* 
Thus  have  I  shown  that  the  dynamic  application  of  Fourier's 
theorem  has  "an  existence  essentially  real.'' 

It  is  indeed  very  interesting  and  instructive  thus  to  observe 
in  one  experiment  the  analysis  and  synthesis  of  a  composite 
sound.  On  sounding  the  reed  it  sets  in  vibration  all  the  tbrks 
of  the  harmonic  senes  of  its  fundamental  note,  and  after  the 
reed  has  ceased  to  sound,  the  forks  continue  to  vibrate  and 
their  elementary  simple  sounds  blend  into  a  note  which  approxi- 
mately reproduces  the  timbre  of  the  reed-pipe.  If  we  could  by 
any  means  obtain  all  of  the  elementary  vibrations,  and  have 
them  with  their  relative  intensities  correctly  preserved,  we 
sliould  have  an  echo  of  the  sound  of  the  reed  after  the  latter  had 
ceased  to  vibrate;  but  the  imjx^ssibility  of  thus  obtaining  the 
highest  components  of  the  reed,  and  the  difficulty  of  reproduc- 
ing the  relative  intensities  of  the  harmonics  in  the  co-vibrating 
forks,  allow  us  but  partially  to  accomplish  this  effect 

2.    An  Expemnental  IlliLstration  of  Helmholtz^s    Hypothesis  of 

Audition, 

The  experiment,  which  we  have  just  described,  beautifully 
illustrates  the  hypothesis  of  audition  framed  by  Helmholtz  to 
account  for  this — among  other  facts, — that  the  ear  can  decom- 
pose a  composite  sound  into  its  sonorous  elements.     Helmholtz 

*  See  section  4  of  this  paper  for  an  acoount  of  the  deg^ree  of  precision  of  this 
method  of  sonorous  analysis. 


A.  M.  Mayer — Besearches  in  Acovstics.  89 

oands  his  hypothesis  on  the  supposition  that  the  rods  of  Corti, 
n  the  ductus  cochlearit,  are  bodies  which  co-vibrate  to  simple 
ounds;  somewhat,  I  imagine,  as  loaded  strings*  of  graded 
engths  and  diameters  would  act  in  similar  circumstances.  The 
ribrations  of  the  composite  wave  fall  upon  the  membrane  placed 
lear  the  reed  as  they  fall  upoa  the  membrane  of  the  tympa- 
lum ;  and  these  vibrations  are  sent  through  the  stretched  fibers, 
[or  delicate  splints  of  ryestraw,  which  I  have  sometimes  used,) 
Tom  the  membrane  to  the  tuned  forks,  as  they  are  sent  from  the 
nembrana  tympani  through  the  ossicles  and  fluids  of  the  ear  to 
;he  rods  of  Corti.  The  composite  vibration  is  decomposed  into 
ts  vibratory  elements  by  the  co-vibration  of  those  forks  whose 
ribratory  periods  exist  as  elements  of  the  composite  wave 
notion  ;  so  the  composite  sound  is  decomposed  into  its  sonorous 
dements  bv  the  co-vibrations  of  the  rods  of  Corti,  which  are 
tuned  to  the  elementary  sounds  which  exist  in  the  composite 
aonorous  vibration.*  The  analogy  can  be  carried  yet  further  by 
placing  the  forks  in  line  and  in  order  of  ascending  pitch,  and 
attaching  to  each  fork  a  sharply-pointed  steel  filament.  If  the 
arm  be  now  stretched  near  the  forks,  so  that  the  points  of  the 
filaments  nearly  touch  it  at  points  along  its  length,  then  any 
fork  will  indicate  its  co-vibration  by  the  fact  of  its  pricking  the 
skin  of  the  arm,  and  the  localization  of  this  pricking  will  tell 
Tis  which  of  the  series  of  forks  entered  into  vibration.  The 
rods  of  Corti  shake  the  nerve  filaments  attached  to  them,  and 
thus  specialize  the  position  in  the  musical  scale  of  the  elements 
of  a  composite  sonorous  vibration.  Thus  a  complete  analogy 
18  brought  into  view  between  our  experiment  and  Helmholtz's 
comprehensive  hypothesis  of  the  mode  of  audition. 

8.  Experimenis  on  the  supposed  Auditory  Apparatus  of  the  Culex 

Mosquil/j. 

Ohm  states  in  his  proposition  that  the  ear  experiences  a 
simple,  sound  only  when  it  receives  a  pendulum-vibration,  and 
that  it  decomposes  any  other  periodic  motion  of  the  air  into  a 
series  of  pendulum- vibrations,  to  each  of  which  corresponds  the 
sensation  of  a  simple  sound.  Helmholtz,  fully  persuaded  of  the 
truth  of  this  proposition,  and  seeing  its  intimate  connection 
with  the  theorem  of  Fourier,  reasoned  that  there  must  be  a 
cause  for  it  in  the  very  dynamic  constitution  of  the  ear ;  and 
the  previous  discovery  by  the  Marquis  of  Corti  of  several 
thousandf  rods  of  graded  sizes  in  the  ductus  cochlearis  indicated 

^fordiflcossions  of  the  yibratory  phenomena  of  loaded  strings,  see  Donkin's 
Aoonslicfl,  p.  189;  and  Helmholtz's  TonempAndungen,  p.  267. 

J ''But  idl  of  the  propositions  on  which  we  have  based  the  theory  of  consonance 
dissonance  rests  solely  on  a  minute  analysis  of  the  sensations  of  the  ear. 
Hug  aoAlysiB  coidd  have  been  .made  by  any  cultivated  ear,  without  the  aid  of 
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to  Hclmholtz  that  these  were  suitable  bodies  to  effect  the 
decomposition  of  a  composite  sonorous ^ave  by  their  co-vibrat- 
ing with  its  simple  harmonic  elements.  This  supposed  func- 
tion of  the  Corti  organ  gave  a  rational  explanation  of  the 
theorem  of  Ohm,  and  furnished  "a  leading  thread"  which  con- 
ducted Ilelmholtz  to  the  discoveries  contamed  in  his  renowned 
work,  "  Die  Lehre  von  den  Tonempfindungen."*  In  this 
book  he  first  gave  the  true  explanation  of  timbre,  and  revealed 
the  hidden  cause  of  musical  harmony,  which,  since  the  days  of 
Pythagoras,  had  remained  a  mystery  to  musicians  and  a 
problem  to  philosophers. 

It  may,  perhaps,  never  be  possible  to  bring  Helmholtz's  hy- 
pothesis of  the  mode  of  audition  in  the  higher  vertebrates  to  the 
test  of  direct  observation,  from  the  apparent  hopelessness  of  ever 
being  able  to  experiment  on  the  functions  of  the  parts  of  the 
inner  ear  of  mammalia.  The  cochlea,  tunneled  in  the  hard  tem- 
poral l)one,  is  necessarily  difficult  to  dissect,  and  even  when  a 
view  is  obtained  of  the  organ  of  Corti,  its  parts  are  rarely  in  situ; 
and,  moreover,  they  have  already  had  their  natural  structure 
altered  by  the  acid  with  which  the  bone  has  been  saturated  to 
render  it  sofl  enough  for  dissection  and  for  the  cutting  of 
sections  for  the  microscope. 

As  we  descend  in  the  scale  of  development,  from  the  higher 
vertebrates,  we  observe  the  parts  of  the  outer  and  middle  ear 
disappearing,  while  at  the  same  time  we  see  the  inner  ear 
gradually  advancing  toward  the  surface  of  the  head.  The 
external  ear,  the  auditory  canal,  the  tympanic  membrane,  and 
with  the  latter  the  now  useless  ossicles,  have  disappeared  in  the 
lower  vertebrates,  and  thei*e  remains  but  a  rudimentaiy 
labyrinth. 

Although  the  homological  connections  existing  between  the 
vertebrates  and  articulates,  even  when  advocated  by  naturalists, 
are  certainly  admitted  to  be  imperfect,  yet  we  can  hardly  sup- 
pose that  the  organs  of  hearing  in  the  articulates  will  remain 
stationary  or  retrograde,  but  rather  that  the  essential  parts  of 
their  apparatus  of  audition,  and  especially  that  part  which 
receives  the  aerial  vibrations,  will  be  more  exposed  than  in 
higher  organisms.  Indeed,  the  very  minuteness  of  the  greater 
part  of  the  articulates  would  indicate  this,  for  a  tympanic  mem- 
brane   placed    in   vibratory  communication  with   a   modified 

theory,  but  the  leading-thread  of  theory,  and  the  employment  at  M^pptopnMJOb 
means  of  observation,  have  facilitated  it  in  an  extraordinary  degree. 

"  Above  all  things  I  beg  the  reader  to  remark  that  the  hypothests  on  fbe  o(h 
vibration  of  tlie  organs  of  Corti  has  no  immediate  relation  wiUi  the  explaoAtiQii  of 
consonance  and  dissonance,  which  rests  solely  on  the  facts  of  obflervatioiii,  on  I3bs 
beats  of  harmonics  and  of  resultant  sounds." — ^Helmholts,  Tonempfindnngni 
p.  342. 

*  According  to  Waldeyer,  there  are  6,500  inner  and  4,500  outer  piUart  intiM 
organ  of  Corti. 
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labyrinth^  or  even  an  auditory  capsule  with  an  outer  flexible 
covering,  would  be  useless  to  the  greater  number  of  insects  for 
several  reasons;  first,  such  an  apparatus,  unless  occupying  a 
large  proportion  of  the  volume  of  an  insect,  would  not  present 
surface  enough  for  this  kind  of  receptor  of  vibrations ;  and 
secondly,  the  minuteness  of  such  a  membrane  would  render  it 
impossible  to  co-vibrate  with  those  sounds  which  generally 
occur  in  nature,  and  which  the  insects  themselves  can  produce ; 
similarly,  all  non-aquatic  vertebrates  have  an  inner  ear  formed 
80  as  to  bring  the  aerial  vibrations,  which  strike  the  tympanic 
membrane,  to  bear  with  the  greatest  eflFect  on  the  auditory  nerve 
filaments,*  and  the  minuteness  of  insects  also  precludes  this 
condition.  Finally,  the  hard  test,  characteristic  of  the  articu- 
lates, sets  aside  the  idea  that  they  receive  the  aerial  vibrations 
tlirough  the  covering  of  their  bodies,  like  fishes,  whose  bodies 
are  generally  not  only  larger  and  far  more  yielding,  but  are 
also  immersed  in  water  which  transmits  vibrations  with  4^tinies 
the  velocity  of  the  same  pulses  in  air  and  with  a  ^et  greater  in- 
crease in  intensity.  For  these  reasons,  I  imagine  that  those 
articulates  which  are  sensitive  to  sound,  and  also  emit  charac- 
teristic sounds,  will  prove  to  possess  receptors  of  vibrations 
external  to  the  general  surface  of  their  bodies,  and  that  the 
proportions  and  situation  of  these  organs  will  comport  with  the 
physical  conditions  necessary  for  them  to  receive  and  transmit 
vibrations  to  the  interior  ganglia. 

Naturalists,  in  their  surmises  as  to  the  positions  and  forms  of 
the  organ  of  hearing  in  insects,  have  rarely  kept  in  view  the 
important  consideration  of  those  physical  relations  which  the 
orjpin  must  bear  to  the  aerial  vibrations  producing  sound,  and 
which  we  have  already  pointed  out  The  mere  descriptive 
anatomist  of  former  y^rs  could  be  satisfied  with  his  artistic 
faculty  for  the  perception  of  form,  but  the  student  of  these 
days  can  only  make  progress  by  constantly  studying  the  close 
relations  which  necessarily  exist  between  the  minute  structure 
of  the  oi^ans  of  an  animal  and  the  forces  which  are  acting  in 
the  animal,  and  which  traverse  the  medium  in  which  the 
tnimal  lives.  The  want  of  appreciation  of  these  relations, 
together  with  the  fact  that  many  naturalists  are  more  desirous 
to  describe  many  new  forms  than  to  ascertain  the  function  of 
one  well  known  form,  which  may  exist  in  alVanimals  of  a  class, 
has  tended  to  keep  many  departments  of  natural  history  in  the 
condition  of  mere  descriptive  science.  Those  who  are  not 
professed  naturalists  appreciate  this  perhaps  more  than  the 
naturalists  themselves,  who  are  imbued  with  that  enthusiasm 
which  always  comes  with  the  earnest  study  of  any  one  depart- 
ment of  nature ;  for  the  perusal  of  those  long  and  laboriously 
precise  descriptions  of  forms  of  organs  without  the  slightest 

*  See  MOtioii  4  of  this  paper. 


92  A,  if.  Mayer — Researches  in  Acotistics. 

attempt,  or  even  suggestion,  as  to  their  uses,  affects  a  physicist 
with  feelings  analogous  to  those  experienced  by  one  who 
peruses  a  well  classified  catalogue  descriptive  of  physical  instru- 
ments, while  of  the  uses  of  these  instruments  he  is  utterly 
ignorant 

The  following  views,  taken  from  the  "  Anatomy  of  the  In- 
vertebrata  by  C.  Th.  v  Siebold,"  will  show  how  various  are 
the  opinions  of  naturalists  as  to  the  location  and  form  of  the 
organs  of  hearing  in  the  Insecta.  "There  is  the  same  uncer- 
tainty concerning  the  organs  of  audition  (as  concerning  the 
olfactory  organs).  Experience  having  long  shown  that  most 
insects  perceive  sounds,  this  sense  has  been  located  sometimes 
in  this  and  sometimes  in  that  organ.  But  in  their  opinion,  it 
often  seems  to  have  been  forgotten,  or  unlhought  of,  that  there 
can  be  no  auditory  organ  without  a  special  auditory  nerve, 
which  connects  directly  with  an  acoustic  apparatus  capable  of 
receiving,  conducting  and  concentrating  the  sonorous  undula- 
tions. (The  author  who  has  erred  most  widely  in  this  respect 
is  L.  W.  Clarke,  in  Mag.  Nat  Hist,  Sept,  1838,  who  has 
described  at  the  base  of  the  antennje  oi  Carabus  nemomUs 
Illig.  an  auditive  apparatus  composed  of  an  Auricula^  a  Meaiiu 
auditorhis  externus  and  i'nternus,'fi  Tympanum  and  Labyrinihus^ 
of  all  of  which  there  is  not  the  least  trace.  The  two  white 
convex  spots  at  the  base  of  the  antennae  of  Blatta  orientalis, 
and  which  Treviranus  has  described  as  auditory  organs,  are,  as 
Burmeister  has  correctly  stited,  only  rudimentary  accessory 
eyes.  Newport  and  Gouroau  think  that  the  antennaa  ser\'e  both  as 
tactile  and  as  auditorv  or^^ans.  But  this  view  is  inadmissible, 
as  Erichson  has  already  stated,  except  in  the  sense  that  the 
antenujB,  like  all  solid  bodies,  may  conduct  sonorous  vibrations 
of  the  air ;  but,  even  admitting  this  view,  where  is  the  auditory 
nerve?  for  it  is  not  at  all  supposable  that  the  an tennal  nerve 
can  serve  at  the  same  time  the  lunction  of  two  distinct'  senses.) 

"Certain  Orthoptera  are  the  only  Insecta  with  which  there 
has  been  discovered,  in  these  later  times,  a  single  orffiin  having 
the  conditions  essential  to  an  auditory  apparatus.  This  orsan 
consists,  with  the  Acridida*,  of  two  fossae  orconchs,  surrounded 
by  a  projecting  horny  ring,  and  at  the  base  of  which  is  attached 
a  membrane  rciscmbling  a  tympanum.  On  the  internal  surface 
of  this  membmne  are  two  horny  processes,  to  which  is  attached 
an  extremely  delicate  vesicle  filled  with  a  transparent  fluid 
and  representing  a  membranous  labyrinth.  This  vesicle  is  in 
connection  with  an  auditory  nerve  which  arises  from  the  third 
thoracic  ganglion,  forms  a  ganglion  on  the  tympanum,  and 
terminates  in  the  immediate  neighborhood  of  the  labyrinth  by  a 
collection  of  cuneiform,  staft-like  bodies  with  very  finely* 
pointed  extremities  (primitive  nerve-fibers?),  which   are  sur- 
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ounded  by  loosely-aggregated,  ganglionic  globules.  (This 
Tgan  has  been  talcen  for  a  soniferous  apparatus  by  Latreille. 
.  Muller  was  the  first  who  fortunately  conceived  that  with 
rryllus  hieroglyphus  this  was  an  auditory  organ.  He  gave, 
owever,  the  interpretation  only  as  hypothetical ;  but  I  nave 
•laced  it  beyond  all  doubt  by  careful  researches  made  on 
Tomphoceros^  Oedipoda,  Podisma,  Caloptenus  and  Truxalis,^^) 

*'  The  Locustidse  and  Achetidae  have  a  similar  organ,  situated 
1  the  fore-legs  directly  below  the  coxo-tibial  articulation. 
Vith  a  part  of  the  Locustidae  {Meconema^  Barbitistes^  Phan- 
rapiera,  PhyUoptera),  there  is  on  each  side  of  this  point  a  fossa, 
rhile  with  another  portion  of  this  family  there  are,  at  this 
ame  place,  two  more  or  less  spacious  cavities  (auditory 
apsules)  provided  with  orifices  opening  forward.  These 
y8SSG  and  these  cavities  have  each,  on  their  internal  surface,  a 
>Dg-oval  tympanum.  The  principal  trachean  trunk  of  the  leg 
asses  between  two  tympanums,  and  dilates,  at  this  point,  into 

vesicle  whose  upper  extremity  is  in  connection  with  a 
anglion  of  the  auditory  nerva  This  last  arises  from  the  first 
loracic  ganglion,  and  accomj)anies  the  principal  nerve  of  the 
ig.  From  this  ganglion  in  question  passes  on  a  band  of  ner- 
ous  substance,  which  sti'etches  along  the  slightly  excavated 
Qterior  side  of  the  trachean  vesicle.  Upon  this  band  is  situ- 
ted  a  row  of  transparent  vesicles  containing  the  same  kind  of 
uneiform,  staff-like  bodies,  mentioned  as  occurring  with  the 
Lcrididae.  The  two  large  trachean  trunks  of  the  fore-legs  open 
y  two  wide,  infundibuliform  orifices  on  the  posterior  border 
f  the  prothorax,  so  that  here,  as  with  the  Acndidse,  a  part  of 
his  trachean  apparatus  may  be  compared  to  a  Tuba  Eustachii. 
With  the  AchetidaB,  there  is,  on  the  external  side  of  the  tibia 
>f  the  fore-legs,  an  orifice  closed  by  a  white,  silvery  membrane 
tympanum),  behind  which  is  an  auditory  organ  like  that  just 
lescribed.  (With  Acfieta  achatina  and  italica,  there  is  a  tympa- 
Qom  of  the  same  size,  on  the  internal  surface  of  the  legs  in 
question ;  but  it  is  scarcely  observable  with  Acheta  sylvesiris, 
A.  doynestica  and  ^.  campestrisy^ 

Other  naturalists  have  placed  the  auditory  apparatus  of 
diurnal  lepidoptera  in  their  club-shaped  antennae  ;  of  bees  at 
the  root  of  their  maxillae ;  of  Me/oloni/ta  in  their  antennal 
plates  ;  of  Locusia  viridissima  in  the  membranes  which  unite 
Ae  antenna  with  the  head. 

I  think  that  Siebold  assumes  too  much  when  he  states  that 
the  existence  of  a  tympanic  membrane  is  the  only  test  of  the 
existence  of  an  auditory  apparatus.  It  is  true  that  such  a  test 
would  apply  to  the  non-aquatic  vertebrates,  but  their  homol- 
ogies do  not  extend  to  the  articulates ;  and  besides,  any  physi- 
cist can  not  only  conceive  of,  but  can  actually  construct  other 


94  A.  M.  Mayer — Eeaearchea  in  Acoustics, 

receptors  of  aerial  vibrations,  as  I  will  soon  show  by  conclusive 
experiments.     Neither  can  I  agree  with  him  in  supposing  that 
the  antennae*  are  only  tactile  organs,  for  veir  often  their  position 
and  limited  motion  would  exclude  them  from  this  function;* 
and,  moreover,  it  has  never  been  proved  that  the  antennae,  which 
differ  so  much  in  their  forms  in  different  insects,  are  alwavs  tactile 
organs.     They  may  be  used  as  such  in  some  insects;  m  others, 
they  may  be  organs  of  audition ;  while  in  other  insects  they  may, 
as  ii'ewport  and  Goureau  surmise,  have  both  functions ;  for,  even 
granting  that  MuUer'slaw  of  the  specific  energy  of  the  senses  ex- 
tends to  the  i  nsects,  yet  the  anatomy  of  their  nervous  system  is  not 
sufficiently  known  to  prevent  the  supposition  that  there  maybe 
two  distinct  sets  of  nerve  fibers  in  the  antennas  or  in  connection 
with  their  bases ;  so  that  the  antennae  may  serve  both  as  tactile 
and  as  auditory  organs ;  just  as  the  hand,  which  receives  at  the 
same  time  tlie  impression  of  the  character  of  the  surface  of  a 
body  and  of  its  temperature  ;  or,  like  the  tongue,  which  at  the 
same  time  distinguishes  the  surface,  the  form,  the  temperature 
and  the  tast^  of  a  body.     Finally,  I  take  objection  to  this  state- 
ment :  "  Newport  and  Goureau  think  that  the  antennae  serve 
both  as  tactile  and  auditory  organa     But  this  view  is  inadmis- 
sible, as  Erichson  lias  already  stated,  except  in  the  sense  that 
the  antennte,  like  all  solid  bodies,  may  conduct  sonorous  vibra- 
tions of  the  air."     Here,  evidently,  Siebold  had  not  in  his  mind 
the  physical  relations  which  exist  between  two  bodies  which' 
give  exactly  the  sajne  number  of  vibrations ;  for  it  is  well 
known  that  when  one  of  them  vibrates,  the  other  will  be  set  into 
vibration  by  the  impacts  sent  to  it  through  the  intervening  air. 
Thus,  if  the  fihrillaa  on  the  antennae  of  an  insect  should  be 
tuned  to  the  different  notes  of  the  sound  emitted  by  the  same 
insect,  then  when  these  sounds  fell  upon  the  antennal  fibrils, 
the  latter  would  enter  into  vibration  with  those  notes  of  the 
sound  to  which  they  were  severally  tuned ;  and  so  it  is  evident 
that  not  only  could  a  properly  constructed  antenna  serve  as  a 
rece[)tor  of  sound,  but  it  would  also  have  a  function  not  posa- 
ble  in  a  membrane  ;  that  is,  it  would  have  the  power  of  analyz- 
ing a  composite  sound  by  the  co-vibration  of  its  various  fibrilla 
to  the  elementary  tones  of  the  sound. 

The  fact  that  the  existence  of  such  an  antenna  is  not  only 
supposable  but  even  highly  probable,  taken  in  connection  witn 
an  observation  I  have  often  made  in  looking  over  entomological 
collections ;  viz :  that  fibrilla)  on  the  antennae  of  noctural 
insects  are  highly  developed,  while  on  the  antennae  of  diurnal 
insects  the}-  are  either  entirely  absent  or  reduced  to  mere  rudi- 
mentary filaments,  caused  me  t<^  entertain  the  hope  that  I  should 

*  Indeed,  they  are  often  highly  developed  in  themselyes  while  aooompanied  bf 
palpi^  wliich  are  properly  placed,  adequately  organized  and  endowed  with  a  laogt 
of  motion  suitable  to  an  organ  intended  for  purposes  of  toudi. 
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>Ie  to  confirm  my  surmises  by  actual  experiments  on  the 
tsof  sonorous  vibrations  on  the  antennal  nbrillaB  ;  also,  the 
known  observations  of  Hensen  encouraged  me  to  seek  in 
1  insects  for  phenomena  similar  to  those  he  had  found  iu  the 
pod,  the  Mysis,  and  thus  to  discover  in  nature  an  apparatus 
\e  functions  are  the  counterpart  of  those  of  the  apparatus 

which  I  gave  the  experimental  confirmation  of  Fourier's 
rem,  and  similar  to  the  supposed  functions  of  the  rods  of 
:)igan  of  Oorti. 

16  beautiful  structure  of  the  plumose  antennae  of  the  male 
c  Atusquito  is  well  known  to  all  microscopists ;  and  these 
ns  at  once  recurred  to  me  as  suitable  objects  on  which  to  be- 
ny  experiments.  The  antennae  of  these  insects  are  twelve- 
ed  and  &om  each  joint  radiates  a  whorl  of  fibrils,  and  the 
r  gradually  decrease  in  their  lengths  as  we  proceed  from 
3  of  the  second  joint  from  the  base  of  the  antenna  to  those 
le  second  joint  from  the  tip.  These  fibrils  are  highly  elas- 
ind  so  slender  that  their  lengths  are  over  three  hundred 
s  their  diameters.     They  taper  slightly,  so  that  their  diam- 

at  the  base  is  to  the  diameter  near  the  tip  ns  8  to  2. 
cemented  a  live  male  mosquito,  with  shellac  to  a  glass  slide 
brought  to  bear  on  various  fibrils  a  ^th  objective.  I  then 
ided  successively,  near  the  stage  of  the  microscope,  a  series 
uning-forks  with  the  openings  of  their  resonant  boxes 
ed  toward  the  fibrils.  On  my  first  trials  with  an  Ut^ 
,  of  512  V.  per  sec.,  I  was  delighted  with  the  results  of  the 
triments,  for  I  saw  certain  of  the  fibrils  enter  into  vigorous 
eition,  while  others  remained  comparatively  at  rest 
ae  table  of  experiments  which  I  have  given  is  characteris- 
>f  all  of  the  man}'  series  which  I  have  made.  In  the  first 
mn  (A)  I  have  given  the  notes  of  the  forks  in  the  French 
tion,  which  Kdnig  stamps  upon  his  forks.  In  the  second 
ire  the  amplitudes  of  the  vibrations  of  the  end  of  the  fibril 
ivisions  of  the  micrometer  scale ;  and  in  column  (C)  are 
iralues  of  these  divisions  in  fractions  of  a  millimeter. 


A. 

B. 

0. 

Ut, 

•5    div. 

•0042  mm. 

Ut3 

2-5 

•0200 

Mia 

1-75 

•0147 

S0I3 

2-0 

•0168     ' 

Ut, 

6-0 

•0504 

Mi. 

1-6 

•0126 

SoL 

1-5 

•0126 

B-* 

1-5 

•0126 

Ut. 

2  0 

•0168 

he  superior  effect  of  the  vibrations  of  the  TJt^  fork  on  the 
I  is  marked,  but  thinking  that  the  differences  in  the  ob- 
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served  amplitudes  of  the  vibrations  might  be  owing  to  differ- 
ences in  the  intensities  of  the  various  sounds,  1  repeated  the 
experiment,  but  vibrated  the  forks  which  gave  the  greater  ampli- 
tuaes  of  co-vibration  with  the  lowest  intensities ;  and  although 
I  observed  an  appi'oach  toward  equality  of  amplitude,  yet  me 
fibre  gave  the  maximum  swings  when  tJt^  was  sounded^  and  I 
was  persuaded  that  this  special  fibril  was  tuned  to  unison  with 
Ut^  or  to  some  other  note  within  a  semitpne  of  it.  The  differ- 
ences of  amplitude  given  by  Ut^  and  Sol,  and  Mi^  are  con- 
siderable, ana  the  table  also  brings  out  the  interesting  observa- 
tion that  the  lower  (Utj)  and  the  higher  (Ut,)  harmonics  of 
Ut^  cause  greater  amplitudes  of  vibration  than  any  intermedi- 
ate notes.  As  long  as  a  universal  method  for  the  determination 
of  the  relative  intensities  of  sounds  of  different  pitch  remains 
undiscovered,  so  long  will  the  science  of  acoustics  remain  in  its 
present  vague  qualitative  condition.*  Now,  not  having  the 
means  of  equalizing  the  intensities  of  the  vibrations  issuing 
from  the  various  rei^onant  boxes,  I  adopted  the  plan  of  sound- 
ing, with  a  bow,  each  fork  with  the  greatest  intensity  I  could 
obtain.  I  think  that  it  is  to  be  regretted  that  Kcinig  did  not 
adhere  to  the  form  of  fork,  with  inclined  prongs^  as  formerly 
made  by  Marloye;  for  with  such  forks  one  can  always  repro- 
duce the  same  initial  intensity  of  vibration  by  separating  the 
prongs  by  means  of  the  same  cylindrical  rod  which  is  drawn 
between  them.  Experiments  similar  to  those  already  given 
revealed  a  fibril  tuned  to  such  perfect  unison  with  Ut,  that  it 
vibrated  through  18  divisions  of  the  micrometer  or  "15  mm., 
while  its  amplitude  of  vibration  was  only  3  div.  when  Ut^  wa» 
sounded.  Other  fibrils  responded  to  other  notes,  so  that  I  infa 
from  my  experiments  on  about  a  dozen  mosquitos  that  their 
fibrils  are  tuned  to  sounds  extending  through  the  middle  and 
next  higher  ocUive  of  the  piano. 

*  I  have  recently  made  some  oxporlments  in  this  direction,  which  show  the  p(M- 
sibillty  of  cvontually  being  able  to  express  the  intensity  of  an  aerial  vibn^OB 
directly  in  fraction  of  Joule's  Dynamical  Unitf  by  measuring  the  heat  devdoped 
in  a  slip  of  sheet  rubber  stretched  between  the  prongs  of  a  fork  and  enclosed  in 
a  compound  thermo-battery.  The  relative  intensities  of  the  aerial  vibration  pro- 
duced by  the  fork  when  engaged  in  heating  the  rubber  and  when  the  rubbw  is 
removed,  can  be  measured  by  the  method  I  described  in  the  Amer.  Jour.  Sci.,  Feb, 
1873.  Of  course  if  we  c«'in  (lotormine  the  amount  of  heat  produced  per  secondby 
a  known  fraction  of  the  intensity,  we  have  the  amount  produced  by  the  vibration 
with  its  entire  intensity.  Then  means  can  be  devised  by  which  the  aerial  vibra- 
tion produced  by  this  fork  can  always  be  reproduped  with  the  same  intensity. 
This  intensity,  expressed  in  fraction  of  Joule's  unit,  is  stamped  upon  the  apparatoSi 
which  ever  afterward  serves  as  a  true  measure  for  obtaining  the  intensities  of  thft 
vibrations  of  all  simple  sounds  having  the  same  pitch  as  itself.  The  same  opera- 
tion can  be  performed  on  other  forks  of  different  pitch,  and  so  a  series  of  intensi- 
ties of  dlfforent  periods  of  vibration  is  obt;iined  expressed  in  a  corresponding 
series  of  fractions  of  Joule's  unit.  Ilecent  experiments  have  given  ToiAiui«th  A 
a  Joule's  unit  as  the  approximate  dynamic  equivalent  of  ten  seconds  of  aerial 
vibrations  produced  by  an  Ut j  fork,  set  in  motion  by  intermittent  electro-magnetie 
action  and  placed  before  a  resonator. 


A.  Af.  Mayer — Researches  in  Acoustics.  97 

To  subject  to  a  severe  test  the  supposition  I  now  entertained, 
.hat  the  fibrils  were  tuned  to  various  periods  of  vibration,  I 
neasured  with  great  care  the  lengths  and  diameters  of  two 
ibrils,  one  of  which  vibrated  strongly  to  Utg,  the  other  as 
30werfully  to  Ut^ ;  and  from  these  measures  1  constructed  in 
aomogeneous  pine  wood  two  gigantic  models  of  the  fibrils ;  the 
>ne  corresponaing  to  the  Ut,  fibril  being  about  one  meter  long. 
Aiter  a  little  practice  I  succeeded  in  counting  readily  the 
number  of  vibrations  they  gave  when  they  were  clamped  at 
>ne  end  and  drawn  from  a  horizontal  position.  On  obtaining 
;he  ratio  of  these  numbers,  I  found  that  it  coincided  with  the 
■atio  existing  between  the  numbers  of  vibrations  of  the  forks 
»  which  co-vibrated  the  fibrils  of  which  these  pine  rods  were 
nodel& 

The  consideration  of  the  relations  which  these  slender,  taper- 
ing, and  pointed  fibrils  must  have  to  the  aerial  pulses  acting  on 
;hem,  lea  me  to  discoveries  in  the  physiology  of  audition  which 
[  imagine  are  entirely  new.  If  a  sonorous  wave  falls  upon  one 
>f  these  fibrils  so  that  its  wave-front  is  at  right  angles  to  the 
ibiil,  and  hence  the  direction  of  the  pulses  in  the  wave  are  in 
he  direction  of  the  fibril's  length,  the  latter  cannot  be  set  in 
vibration  ;  but  if  the  vibrations  in  the  wave  are  brought  more 
md  more  to  bear  athwart  the  fibril  it  will  vibrate  with  ampli- 
tudes increasing  until  it  reaches  its  maximum  swing  of  co-vibra- 
ion,  when  the  wave-front  is  parallel  to  its  length  and  therefore 
;he  direction  of  the  impulses  on  the  wave  are  at  right  angles  to 
die  fibriL  These  curious  surmises  I  have  confirmed  by  many 
experiments  made  in  the  following  manner.  A  fork  which 
causes  a  strong  co-vibration  in  a  certain  fibril  is  brought  near 
the  microscope,  so  that  the  axis  of  the  resonant  box  is  perpen- 
dicular to  the  fibril  and  its  opening  is  toward  the  microscope. 
The  fibril,  in  these  circumstances,  enters  into  vigorous  vibra- 
tion on  sounding  the  fork ;  but,  on  moving  the  box  around 
the  stage  of  the  microscope  so  that  the  axis  of  the  box  always 
points  toward  the  fibril,  the  amplitudes  of  vibration  of  the  fibril 
gradually  diminish,  and  when  the  axis  of  the  box  coincides 
with  the  length  of  the  fibril,  and  therefore  the  sonorous  pulses 
act  on  the  fibril  in  the  direction  of  its  length,  the  fibril  is  abso- 
lutely stationary  and  even  remains  so  when  the  fork,  in  this 
position,  is  brought  quite  close  to  the  microscope.  These  ob- 
servations at  once  revealed  to  me  a  new  function  of  these 
organs ;  for  if,  for  the  moment,  we  assume  that  the  antennae  are 
leally  the  organs  which  receive  aerial  vibrations  and  transmit 
them  to  an  auditory  capsule,  or  rudimentary  labyrinth,  then 
diese  insects  must  have  the  faculty  of  the  perception  of  the 
direction  sound  more  highly  developed  than  m  any  other  class 
of  ATiifnalR.     The  following  experiments  will  show  the  force  of 

Am.  Joub.  Soi.— Thibd  Sbribs,  Vol.  Vin,  No.  44— Aug.,  1874, 

7 


98  A,  M.  Mayer — Researches  in  Acoustics. 

this  statement  and  at  the  same  time  illustrate  the  manner  in 
which  these  insects  determine  the  direction  of  a  sonorous 
center.  I  placed  under  the  microscope  a  live  mosquito,  and 
kept  my  attention  fixed  upon  a  fibril  which  co-vibrated  to  the 
sound  of  a  tuning-fork,  which  an  assistant  placed  in  unknown 
positions  around  tne  microscope.  I  then  rotated  the  stage  of 
the  instrument  until  the  fibril  ceased  to  vibrate,  and  then  drew 
a  line  on  a  piece  of  paper,  under  the  microscope,  in  the  direc- 
tion of  the  fibril.  On  extending  this  line,  1  found  that  it 
always  cut  within  6°  of  the  position  of  the  source  of  the  sound. 
The  antennsB  of  the  male  mosquito  have  a  ranm  of  motion  in 
a  horizontal  direction,  so  that  the  angle  included  between  them 
can  vary  considerably  inside  and  outside  of  40°,*  and  I  con- 
ceive that  this  is  the  manner  in  which  these  insects  during 
night  direct  their  flight  toward  the  female.  The  song  of  the 
female  vibrates  the  fibrillse  of  one  of  the  antennae  more  forci- 
bly than  those  of  the  other.  The  insect  spreads  the  angle  be- 
tween his  antennae,  and  thus,  as  I  have  observed,  brings  the 
fibrillae,  situate  within  the  ancle  formed  by  the  antennae,  in  a 
direction  approximately  parallel  to  the  axis  of  the  body.  The 
mosquito  now  turns  his  body  in  the  direction  of  that  antenna 
whose  fibrils  are  most  affected,  and  thus  gives  greater  intensity 
to  the  vibrations  of  the  fibrils  of  the  other  antenna.  When  he 
has  thus  brought  the  vibrations  of  the  antennae  to  equality  of 
intensity,  he  has  placed  his  body  in  the  direction  of  the  radia- 
tion of  the  sound,  and  he  directs  his  flight  accordingly ;  and 
from  my  experiments  it  would  appear  that  he  can  thus  guide 
himself  to  within  5°  of  the  direction  of  the  female. 

Some  may  assume  from  the  fact  of  the  co- vibration  of  these 
fibrils  to  sounds  of  different  pitch,  that  the  mosquito  has  the  power 
of  decomposing  the  sensation  of  a  composite  sound  into  its  sim- 
ple components,  as  is  done  by  the  higher  vertebrates ;  but  I  do 
not  hold  this  view,  but  believe  that  the  range  of  co- vibration  of 
the  fibrils  of  the  mosquito  is  to  enable  it  to  apprehend  the 
ranging  pitch  of  the  sounds  of  the  female.  In  other  words,  the 
want  of  definite  and  fixed  pitch  to  the  female's  song  demands 
for  the  receiving  apparatus  of  her  sounds  a  corresponding  range 
of  co-vibration,  so  that  instead  of  indicating  a  high  order  of 
auditory  development  it  is  really  the  lowest,  except  in  its 
power  of  determining  the  direction  of  a  sonorous  center,  in 
which  respect  it  surpasses  by  far  our  own  ear.f 

*  The  shafts  of  the  antennae  include  an  angle  of  about  40°.  The  basal  fibrils  of 
the  antennae  form  an  angle  of  about  90°,  and  the  tenninal  fibrils  an  angle  of  about 
30°,  with  the  axis  of  the  insect 

f  Some  physiologists,  attempting  to  explain  the  function  of  the  semicircular  caoal^ 
assume,  because  these  canals  are  in  three  planes  at  right  angles  to  each  other,  ^ 
they  serve  to  fix  in  space  a  sonorous  center,  just  as  the  geometrician  by  his  three 
oodrdinate  planes  determines  the  position  of  a  point  in  space.  But  this  aasuxnptNiD 
is  fanciful  and  entirely  devoid  of  reason ;  for  the  semicircular  canals  are  always  ib 
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luditory  apparatus  we  have  just  described  does  not  in  the 
nfirm  flelmnoltz's  hypothesis  of  the  functions  of  the  organ 
i ;  for  the  supposed  power  of  that  organ  to  decompose  a  so- 
sensation  depends  upon  the  existence  of  an  auditory  nerve 
itiated  as  highly  as  the  co- vibrating  apparatus,  and  in  the 

the  mosquito  there  is  no  known  anatomical  basis  for 
n  opinion.  In  other  words,  my  researches  show  exter- 
vibrating  organs  whose  functions  replace  those  of  the 
lie  membrane  and  chain  of  ossicles  in  receiving  and  trans- 
;  vibrations  ;  while  Helmholtz's  discoveries  point  to  the 
ce  of  internal  co- vibrating  organs  which  have  no  anal- 
those  of  the  mosquito,  because  the  functions  of  the  for- 
3  not  to  receive  and  transmit  vibrations  to  the  sensory 
;us  of  the  ear,  but  to  give  the  sensation  of  pitch  and  to 
)ose  a  composite  sonorous  sensation  into  its  elements ; 
is  they  can  only  do  by  their  connection  with  a  nervous 
pment  whose  parts  are  as  numerous  as  those  of  the  co- 
Dg  mechanism.  Now  as  such  a  nervous  organization 
>t  exist  in  insects,  it  follows  that  neither  anatomical  nor 
nal  relations  exist  between  the  co-vibrating  fibrils  on 
.ennae  and  the  co-vibrating  rods  in  the  organ  of  Corti, 
3refore,  that  neither  Hensen's  observations  on  the  Mysis 
ed  by  Helmholtz  to  confirm  his  hypothesis),  nor  mine  on 
squito,  can  be  adduced  in  support  of  Helmholtz's  hypo- 
)f  audition.* 

above  described  experiments  were  made  with  care,  and 
:  that  I  am  authorized  to  hold  the  opinion  that  I  have 
§hed  a  physical  connection  existing  between  the  sounds 
1  by  the  female  and  the  co-vibrations  of  the  antennal 
>  of  the  male  mosquito ;  but  only  a  well  established  phy- 
3al  relation  between  these  co-vibrating  parts  of  the  ani- 
d  the  development  of  its  nervous  system  will  authorize 
tate  that  these  are  really  the  auditory  organs  of  the  insect. 
I  stage  of  the  investigation  I  began  a  search  through  the 
ical  journals,  and  found  nearly  all  that  I  could  desire  in 
r.  m  voL  iii,  1855,  of  the  Quarterly  Journal  of  the  Micro- 

I  dynamic  relation  to  the  tympanic  membrane,  which  receives  the  vibra- 
be  transmitted  always  in  one  way  through  the  ossicles  to  the  inner  ear. 
re  determine  the  direction  of  a  sound  by  the  difference  in  the  intensities 
lectB  produced  in  the  two  ears,  and  this  determination  is  aided  by  tbe 
the  outer  ear  and  by  the  fact  that  man  can  turn  his  head  around  a  ver- 
3.    other  mammalia,  however,  have  the  power  of  facilitating  the  deter- 

of  motion  by  moving  the  axis  of  their  outer  ears  into  different  directions. 

a  fact  that  when  one  oar  is  slightly  deaf,  that  the  person  unconsciously 
(d  always  supposes^  sound  to  come  from  the  side  on  which  is  his  good  ear. 
,  the  organ  of  Corti  Jtiaving  disappeared  in  the  lower  vertebrates,  it  is  not 
It  it  would  reappear  in  &ie  articulata ;  and  especially  will  this  opinion 
ght  when  we  consider  that  the  peculiar  function  of  the  organ  of  Corti  is 
Xiiation  of  those  composite  sounds,  whose  signification  mammals  are  con- 
•lied  upon  to  interpret. 
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Bcopical  Society,  entitled  "  Audilmy  Apparatua  of  the  Culex  Mw- 
quilo,  by  Christopher  Johnson,  M.D.,  Baltimore,  [J.  S." 

In  thu  excellent  paper  I  found  clear  statements  showiDK 
that  its  talented  author  had  surmised  the  existence  of  some  m 
the  physical  facts  which  my  experimente  and  observations  have 
connniied.  To  show  that  anatomical  facts  conform  to  the  hj- 
pothesis  that  the  antennal  fibrils  are  the  auditory  organs  of  toe 
mosquito,*  I  cannot  do  better  than  quote  the  following  fiom 
Dr.  Johnson's  paper : 

"  While  bearing  in  mind  the  difference  between  feeUng  a 
Tioise  and  perceiving  a  vibration,  we  may  safely  assume  with 
Cams — for  a  great  number  of  insects,  at  least, — that  whenever 
true  auditory  or^ns  are  developed  in  them,  their  seat  is  to  be 
found  in  the  neighborhood  i)f  the  antennce.  That  these  parte 
themselves  are,  iu  some  instances,  concerned  in  collecting  and 
transmitting  sonorous  vibrations,  we  hold  aa  established  by 
the  observations  we  have  made,  particularly  upon  the  Cuia 
mosquito ;  while  we  believe,  as  Newport  has  asserted  in  general 
terms,  that  they  serve  also  as  tactile  organs. 


"The  male  mosquito  differs  considerably,  as  is  well  knovo,   ' 
from  the  female ;  his  body  being  smaller  and  of  a  darker  color, 

*  A  short  tinie  before  the  deatli  of  mj  friend,  Prof.  AgMidz,  be  wrots  ve  Ibw 
words :  "  1  can  hardly  eipresB  my  delight  at  readiiig  jonr  letter.  I  lad  T(" 
have  hit  upon  one  of  the  most  fertile  minea  for  the  eloddatioD  of  a  protoo* 
which  to  this  day  is  a  puzzle  to  oMural^ts,  the  aaat  of  the  organ  of  heviiv  in 
Articulates." 
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Liid  his  head  furaisbed  with  aniaiiuB  aad  palpi  in  a  state  of 
[TCftter  development  {Pig.  2.)  Notwithstanding  the  fitness  of 
lis  or^QB  for  predatory  purposes,  he  is  timid,  seldom  entering 
Lwellings  or  annoying  man,  but  restricts  himself  to  damp  and 
bul  places,  especiall;  sinks  and  privies.  The  female,  on  the 
>ther  hand,  gives  greater  extension  to  her  flight,  and  attacking 
>ar  race,  is  the  occasion  of  no  inconsiderable  disturbance  and 
rezation  durmg  the  summer  and  autumn  months. 

"The  head  of  the  male  mosquito,  about  0-67  mm.  wide,  is 
)rovided  with  lunate  eyes,  between  which  in  front  superiorly 
ire  found  two  pyriform  capsules  nearly  touching  each  other, 
md  having  implanted  into  them  the  very  remarkable  antennae, 

"  The  capsule,  measuring  about  0"21  mm,,  is  composed  of  a 
lomy  substance,  and  is  attached  posteriorly  by  its  pedicle, 
irhile  anteriorly  it  rests  upon  a  horay  ring,  united  with  its 
ellow  by  a  transverse  fenestrated  band,  and  to  which  it  is 
oined  by  a  thin  elastic  membrane.  Externally  it  has  a  rounded 
brm,  but  internally  it  resembles  a  certain  sort  of  lamp  shade 
vith  a  constriction  near  its  middle ;  and  between  this  inner  cup 
md  outer  globe  there  exists  a  space,  except  at  the  bottom  or 
)roximal  end,  where  both  are  united. 

"The  anteoDee  are  of  nearly  equal  length  in  the  male  and 
he  female 

"In  the  male,  the  antenna  is  about  1'75  mm.  in  length,  and 
onsistB  of  fourteen  joints,  twelve  short  and  nearly  equal,  and 
wo  long  and  equal  terminal  ones,  the  latter  measuring 
toBether)  070  mm.  Each  of  the  shorter  joints  has  a  fenestrated 
keleton  with  an  external  investment,  and  terminates  simply 
Kwteriorly,  but  is  encircled  anteriorly  with  about  forty  papilUx, 
tpon  wh  ioh  iire  implanted  long  and  stiff  hairs,  the  proximal  sets 
■Bug  about  0*79  mm.  and  the  distal  ones  0*70  mm.  in  length ; 
nA  it  is  beset  with  minute  bristles  in  front  of  each  whorl, 
I?  **  The  two  last  joints  have  each  a  whorl  of  about  twenty 
llort  bairs  ne;ir  the  base, 

'■ "  In  the  female  the  joints  are  nearly  equal,  number  but 
hirteen,  and  have  each  a  whorl  of  about  a  dozen  small  hairs 
iround  the  batre.  Here,  as  well  as  in  the  male,  the  parts  of  the 
Lntennae  enjoy  a  limited  motion  upon  each  other,  except  the 
lasal  joint,  which,  being  fixed,  moves  with  the  capsule  upon 
?hicb  it  is  imjilaated, 

"  The  space  between  the  inner  and  outer  walls  of  the  capsule, 
rhicb  we  term  confidently  the  auditory  capsule,*  is  filled  with 
,  fluid  of  moderate  consistency,  opalescent  and  containing 
ninate  spherical  corpuscles,  and  which  probably  bears  the 
ame  relation  to  the  nei-ve  as  does  the  lymph  in  the  scalre  of 
he  cochlea  of  higher  animals.  The  nerve  itself,  of  the  antenna, 
iTOceeds  from  the  first  or  cerebral  ganglion,  advances  toward 
*  See  flg.  2. 
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the  pedicle  of  the  capsule  in  cx)mpany  with  the  large  trachea, 
which  sends  its  ramifications  throughout  the  entire  apparatus, 
and,  penetrating  the  pedicle,  its  filaments  divide  into  two  por- 
tions. The  central  threads  continue  forward  into  the  antenna, 
and  are  lost  there  ;  the  peripheral  ones,  on  the  contrary,  radiate 
outward  in  every  direction,  enter  the  capsular  space,  and  are 
lodged  there  for  more  than  half  their  length  in  sulci  wrought 
in  the  inner  wall  or  cup  of  the  capsule. 

"  In  the  female  the  disposition  of  parts  is  observed  to  be 
nearly  the  same,  excepting  that  the  capsule  is  smaller,  and  that 
the  last  distal  antennal  joint  is  rudimental. 

"The  proboscis  does  not  difier  materially  in  the  two  sexes; 
but  the  palpi,  although  consisting  in  both  instances  of  the  same 
number  of  pieces,  are  very  unbke.  In  the  female  they  are 
extremely  short,  but  in  the  male  attain  the  length  of  2*73 mm.; 
while  the  proboscis  measures  but  2*16  mm.  They  are  curved 
upward  at  the  extremity. 

"  *  *  *  The  position  of  the  capsules  strikes  us  as  extremely 
favorable  for  the  performance  of  the  function  which  we  assign 
to  them ;  besides  which  there  present  themselves  in  the  same 
light  the  anatomical  arrangement  of  the  capsules,  the  disposi- 
tion and  lodgment  of  the  nerves,  the  fitness  of  the  expanded 
whorls  for  receiving,  and  of  the  jointed  antennae  fixed  by  the 
immoveable  basal  joint  for  transmitting,  vibrations  created  by 
sonorous  undulations.  The  intra-capsular  fluid  is  impressed 
by  the  shock,  the  expanded  nerve  appreciates  the  eflTect  of  the 
sound,  by  the  quantity  of  the  impression  ;  of  the  pitch,  or 
quality  by  the  consonance  of  particular  whorls  of  stiff  haire, 
according  to  their  lengths ;  and  of  the  direction  in  which  the 
undulations  travel,  by  the  manner  in  which  they  strike  upon 
the  antennae,  or  may  be  made  to  meet  either  antenna  in  conse- 
quence of  an  opposite  movement  of  that  part 

"  That  the  male  should  be  endowed  with  superior  acuteness 
of  the  sense  of  hearing,  appears  from  the  fact,  that  he  must  seek 
the  female  for  sexual  union  either  in  the  dim  twilight  or  in  the 
dark  night,  when  nothing  but  her  sharp  humming  noise  can 
serve  him  as  a  guide.  The  necessity  for  an  equal  perfection  of 
hearing  does  not  exist  in  the  female ;  and,  accordingly,  we  find 
that  the  organs  of  the  one  attain  a  development  which  t^e 
others  never  reach.  In  these  views  we  believe  ourselves  to  be 
borne  out  by  direct  experiment,  in  connection  with  which  we 
may  allude  to  the  greater  difficulty  of  catching  the  male 
mosquito. 

"In  the  course  of  our  observations  we  have  arrived  at  the 
conclusion,  that  the  antennae  serve  to  a  considerable  extent  as 
organs  of  touch  in  the  female;  for  the  palpi  are  extremely 
short,  while  the  antennae  are  very  moveable,  and  nearly  equal 
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the  proboscis  in  length.  In  the  male,  however,  the  length  and 
perfect  development  of  the  palpi  would  lead  us  to  look  for  the 
seat  of  the  tactile  sense  elsewhere,  and,  in  fact,  we  find  the  two 
apical  antennal  joints  to  be  long,  moveable,  and  comparatively 
Eree  from  hairs;  and  the  relative  motion  of  the  remaining  joints 
very  much  more  limited." 

My  experiments  on  the  mosquito  began  late  in  the  fall,  and 
therefore  I  was  not  able  to  extend  them  to  other  insects.  This 
spring  I  purpose  to  resume  the  research,  and  will  experiment 
especially  on  those  orthoptera  and  hemiptera  which  voluntarily 
emit  distinct  and  characteristic  sounds. 

4.  Suggestions  as  to  the  function  of  the  Spiral  Scalce  of  the 
Cochlea,  leading  to  an  Hypothesis  of  the  Mechanism  of  Audition, 

As  the  auditory  nerve  has  by  far  its  highest  development  in 
the  cochlea,  it  is  a  natural  inference  that  this  part  of  the  ear  is 
chiefly  concerned  in  audition,  and  that  the  very  peculiar  form 
of  the  cochlea  fulfills  some  important  function ;  yet  the  rela- 
tions of  this  fonn  to  the  mode  of  audition  has  occupied  but 
little  the  attention  of  physiologists.  The  only  suggestion  as  to 
the  uses  of  its  form  with  which  I  am  acquainted,  is  that  given 
by  Dr.  J.  W.  Draper  in  his  Physiology,  N.  Y.,  1856.  This 
distinguished  scientist  states  that  **  it  may  be  imagined  how  it 
is  that  a  sound  passing  through  the  auditory  canal,  the  bones 
rf  the  tympanum,  the  membrane  of  the  fenestra  ovalis,  and 
thus  aflfecting  its  destined  portion  of  the  lamina,  does  not  give 
rise  to  an  idea  in  the  mind  of  repetition  or  reverberation  by 
DQOving  back  and  forth  through  the  two  scalae  and  affecting  ite 
proper  nerve  fibril  at  each  passage.  Is  there  not  a  necessitv 
for  the  exertion  of  some  mecnanism  of  interference  which  shall 
iestroy  the  wave  after  it  has  once  done  its  work  ?'"  Dr.  Draper 
then  reasons  that  this  reverberation  is  prevented  by  the  scalse 
being  of  different  lengths  and  by  the  fact  of  their  junction  in 
the  helicotrema.  These  two  circumstances  give  rise  to  inter- 
ferences, in  the  helicotrema,  of  the  waves  which  have  proceeded 
from  the  stapes  up  the  scala  vestibuli  with  the  waves  which 
passed  from  the  membrana  tympani  across  the  tympanum  to 
the  fenestra  rotunda,  and  thence  up  the  scala  tympani  to  the 
belicotrema.  Dr.  Draper  also  states  that  when  the  stapes  is 
poshed  in  by  the  contractions  of  the  tensor-tympani  and 
stapedius  muscle,  the  relative  length  of  the  scalae  is  changed, 
md  thus  the  proper  adjustment  for  an  interference  is  effected. 
But  even  granting  that  "  reverberations  or  repercussions  "  take 
3lace  in  a  body  like  the  whole  apparatus  of  audition,  whose 
leterogeneous  structure  must  make  all  of  its  vibrations,  taken 
18  a  mass,  forced  oscillations,  I  do  not  agree  with  my  distin- 
piished  friend  in  thinking  that  the  difference  in  the  lengths  of 
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the  scalse  could  brinff  about  any  interference  except  of  the 
most  minute  and  inenicient  amount ;  even  if  we  could  agree 
with  Dr.  Draper  that  the  intensity  of  the  pulses  sent  from  the 
fenestra  rotunda  nearly  equal  the  intensity  of  those  sent  up 
the  scala  vertibuli  from  the  stapes.  The  following  considera- 
tions will  make  clear  our  objections  to  the  hypothesis  of  Dr. 
Draper.  If  we  take  the  mean  wave-length  of  the  sounds  which 
fall  upon  the  ear  as  that  of  the  treble  O  of  440  vibrations  per 
second,  it  follows  that  this  wave-length  will  be  one  meter.  But 
the  velocity  of  sound  in  the  fluid  of  the  scalae  is,  at  least,  4} 
times  what  it  is  in  air  of  the  same  temperature ;  therefore  the 
average  length  of  the  sonorous  waves  which  traverse  the  seals 
is  4i  meters,  and  hence  for  two  such  waves,  meeting  in  the 
helicotrema,  to  completely  interfere,  one  scala  would  have  to  ex- 
ceed the  other  in  length  by  2*12  meters.  But  the  entire  length  of  a 
scala  is  at  the  highest  only  29  mm.,  and  the  difference  in  their 
length,  taken  at  its  maximum,  is  so  slight  that  the  diminution 
in  the  intensity  of  the  resultant  wave  produced  in  the  helico- 
trema is  inappreciable ;  and  especially  will  it  be  so  considered 
when  we  take  into  account  tne  relatively  feeble  intensity  d 
the  wave  which  is  sent  from  the  tympanic  membrane  across  the 
air  of  the  drum  on  to  the  membrane  of  the  fenestra  rotunda, 
where  two  sudden  changes  in  density  occur  before  it  passes  up 
the  scala  tympani. 

The  following  attempt  at  an  explanation  of  the  fonctions  of 
the  spiral  stairways  of  the  cochlea  is  given  merely  as  a  sug- 
gestion, and  with  the  hope  that  I  may  thereby  call  the  atten- 
tion of  students  of  physiological  acoustics  to  the  consideration 
of  the  uses  of  these  peculiar  forms.  Recent  studies  in  embry- 
ology and  comparative  anatomy  have  shown  that  the  ductus 
cochlearis  is  the  essential  part  of  the  ear,  and  that  the  forms  of 
the  scales  are  determined  by  it;  for  **the  original  soft  parts  of 
the  cochlea  are  distinct  from  their  osseous  capsule,  which 
belongs  to  the  petrous  bone ;  the  scalse  are  secondary  formaticMis 
around  the  principal  canal  of  the  cochlea,  the  ductus  cochlearis, 
whose  epithelial  lining  proves  eventually  to  be  the  germ  center, 
so  to  speak,  of  the  entire  apparatus."  (  Waldeyer^  On  the  AudUory 
Nerve  and  Cochlea  ;  in  Strieker's  Histology.)  The  fact  that  the 
ductus  controls  the  form  of  the  scalae,  and  not  vice  versa,  shows 
that  the  scala?-  must  bear  some  very  important  functional  rela- 
tion to  the  ductus.  This  relation  will  become  evident  on  con- 
sidering the  actions  which  must  take  place  when  a  sound-wave 
traverses  the  scalae. 

All  know  that  the  organ  of  Corti  is  enclosed  in  the  ductus 
cochlearis,  a  canal  of  triangular  section  bounded  on  two  of  its 
sides  by  the  scalae,  and  on  its  third  by  the  membranes  lining 
the  outer  wall  of  the  cochlea.     The  upper  wall  of  this  canal  is 
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>rmed  by  the  membrana  Beissneri,  which  separates  it  from  the 
3ala  vestibuli,  and  its  lower  wall  is  tlie  lamina  spiralis,  and  the 
lastic  membrana  basilans,  which  separate  it  from  the  scala 
fmpani.  The  ductus  is  closed  at  its  upper  end,  and  at  its 
>wer  end  it  communicates  with  the  sacculus  hemisphericus  by 
fine  duct  The  arch  of  Corti  rests  upon  the  membrana 
lasilaris,  which  extends  beyond  the  base  of  the  arch  to  the 
lembranous  outer  wall  of  the  cochlea,  and  over  the  arch 

E reads  the  membrana  tectoria,  covering  the  rods  of  Corti  and 
e  hair-cell  cords  as  with  a  roof,  but  leaving  the  outer  portion 
f  the  elastic  membrana  basilaris  exposed.  We  will  now  show 
bat  the  significance  of  these  anatomical  relations  is  to  bring  the 
oimd  vibrations  to  act  with  the  greatest  advantage  on  the 
o-yibrating  parts  of  the  ear,  and  to  cause  these  parts  to  make 
ne-half  as  many  vibrations  in  a  given  time  as  the  tympanic  or 
lasilar  membranes. 

The  relations  which  the  form  of  the  scalse  bears  to  the  sono- 
ous  waves  traversing  them,  will  be  modified  according  to  the 
xistence  or  non-existence  of  a  communication  between  the 
calse.     On   this  point  there  seem«  to  be  some  difference  of 

rinion,  and,  therefore,  I  will  attempt  to  explain  the  functions 
the  scalse,  first,  on  the  supposition  that  they  are  continuous, 
nd  then  on  the  assumption  that  they  are  not  continuous,  but 
losed  at  the  place  where  the  helicotrema  is  supposed  by  most 
natomists  to  exist 

E.  Weber  was  the  first  to  point  out  the  peculiar  molecular 
ctions  which  exist  when  the  dimensions  of  a  body  are  very 
mall  compared  with  the  length  of  the  sonorous  waves  whicn 
raverse  it;  and  Helmholtz  based  his  investigations  on  the 
^eAantsm  of  the  Ossicles  of  the  Ear  on  the  theory  of  Weber, 
rhich  Helmholtz  gives  in  these  words :  "  The  difference  in  dis- 
Jacement  of  two  oscillating  particles,  whose  distance  from  one 
nother  is  infinitely  small  compared  with  the  wave-length,  is 
tself  infinitely  small  compared  with  the  entire  amplitude  of 
lisplacement  It  is  evident  that  the  compressions  and  dilata- 
ioDS  which  may  exist  in  anj'  body,  depend  entirely  on  the  differ- 
nces  in  the  phases  of  the  vibrations  constituting  the  sonorous 
rave,  and  when  the  body  has  a  depth  equal  to  half  a  wave- 
^Dffth  it  can  embrace  the  maximum  amount  of  condensation 
ndf rarefaction.  But  condensation  and  dilatation  alone  produce 
tjteral  action  on  the  walls  of  a  straight  canal  traversed  by  sono- 
i>tis  vibrations,  and  hence,  if  the  length  of  the  canal  be  but  a 
tnall  fraction  of  the  wave,  then  there  exists  throughout  the 
anal  but  little  difference  in  phase,  and  therefore  out  little 
iteral  action.  Now  the  united  lengths  of  the  scalse  is  but  a 
tnall  fraction  of  the  mean  length  of  the  sonorous  waves  which 
raverse  it ;  for  if  we  take,  as  above,  4^  meters  as  the  mean 
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length  of  tbe  waves  which  are  propagated  through  the  seals, 
and  69  mm.  as  the  length  of  the  united  scalae,  it  follows  that 
the  latter  is  only  y^  of  the  mean  wave-length.  Now  if  we 
imagine  the  scalas  straightened  and  forming  one  continuous  tube 
with  a  free  communication  existing  at  the  helicotrema,  then 
the  mean  wave  traversing  them  will  cause  only  ^^  of  the  lateral 
action  which  this  same  wave  would  produce  if  the  scal»  had  the 
length  of  half  of  the  wave,  and  it  follows  that  the  whole  liquid 
of  the  scalae  would  vibrate  forward  and  backward  almost  as 
an  incompressible  mass,  approaching  in  character  to  the  oscilla- 
tions of  a  solid  piston  in  a  cylinder ;  therefore,  the  action 
against  the  walls  of  the  ductus  cochlearis  would  be  very  alight 
But  now  consider  the  change  in  effect  on  the  ductus  which 
takes  place  when  it,  together  with  the  scalse,  is  wound  up  into 
such  an  ascending  spiral  as  exists  in  the  ear.  The  molecules  of 
the  liquid  in  the  scalae,  thrown  forward  and  backward  by  the 
vibrations  of  the  stapes,  tend  to  move  in  straight  lines,  but  the 
now  curved  form  of  the  scalse  causes  them  to  press  against  the 
outer  or  peripheral  part  of  the  upper  wall  (membrana  Beissneri) 
of  the  ductus  cochlearis,  and  against  the  outer  part  of  the  lower 
wall  (membrana  basilaris)  when  the  stapes  moves  inward,  and 
when  it  moves  outward  this  action  of  compression  is  relieved 
from  the  two  opposite  walls  of  the  ductus.  But  these  actioDS 
produced  by  the  stapes  on  the  two  walls  of  the  ductus  arc 
opposed  to  each  other,  and  since  thcv  take  place  simultaneoosly 
and  with  about  the  same  intensity,  (fey  reason  of  our  assumption 
of  the  free  communication  of  the  scalae,)  the  rods  of  Corti  and 
the  hair-cells  will  not  vibrate  but  will  only  experience  com- 
pressions and  dilatations  like  the  fluid  in  which  they  are 
immersed.  Therefore,  there  appears  to  me  a  physical  basis  for 
the  opinion  that  either  there  is  no  communication  between  the 
scalae,  or,  if  the  helicotrema  exist,  that  it  must  be  a  very  con- 
stricted passage.  Indeed,  if  we  adopt  the  latter  view,  then 
everything  works  to  produce  the  maximum  effect  on  the  co-vi- 
brating parts  of  the  organ  of  Corti ;  for  when  the  stapes  moves 
inward  the  pressure  is  thrown  on  the  outer  border  of  the  upper 
wall,  or  roof,  of  the  ductus,  thence  across  to  the  peripheral  por- 
tion of  the  basilar  membrane.  This  action,  we  may  say,  takes 
place  simultaneously  throughout  the  whole  length  of  the  duc- 
tus, moves  downward  the  floor  of  the  basilar  membrane,  and 
thus  presses  the  fluid  of  the  scala  tympani  against  the  fenestra 
rotunda  and  moves  this  membrane  outward.  When,  however, 
the  stapes  moves  outward,  the  pressure  is  relieved  from  the 
elastic  basilar  membrane,  which  is  now  moved  upward,  while 
the  fenestra  rotunda  moves  inward.* 

*  If  we  oould  examine,  at  the  same  time,  vibrating  points  on  the  stapes  aod  oi 
the  fenestra  rotunda  with  a  vibration-microscope,  I  imagine  that  these  poinfti 
would  exhibit  no  difference  in  phase  when  the  membrana  tympani  vibrated  to  t 
note  below  the  treble. 
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There  are  also  other  anatomical  facts  besides  the  inclination 
of  the  membrana  Reissneri  to  the  plane  of  the  membrana  basi- 
laris,  and  the  inclination  of  both  these  membranes  to  the  plane 
perpendicular  to  the  axis  of  the  cochlea,  which  favor  an  opin- 
ion that  the  outer  or  peripheral  part  of  the  basilar  membrane 
receives  the  main  part  of  tne  vibrations  which  enter  the  ductus. 
The  auditory  nerve  fibrils  are  not  attached  to  the  Corti  rods  or 
pillars,  as  was  formerly  imagined ;  and^  therefore,  these  bodies 
cannot  be  the  co- vibrating  parts  of  the  ductus ;  but  the  Corti  pil- 
lars appear  to  act,  in  conjunction  with  the  cylindrical  nerve-cells 
of  Hensen,  as  supports  for  the  lamina  reticularis,  between  which 
and  the  basilar  membrane  are  steadily  and  tensely  stretched 
the  hair-cell  cords  (as  I  will  term  them) ;  and  to  these  cords  are 
attached  the  nerve-fibrils.  Waldeyer  says,  on  this  point,  that 
"  The  outer  radial  fibers  direct  their  course,  as  Gottstein  has 
found,  toward  the  tunnel  of  Corti,  passing  between  the  inner 
pillars  and  traversing  the  tunnel  aoout  midway  between  the 
summit  and  base  of  the  arch ;  in  a  profile  view  these  fibers 
appear  like  stretched  harp-springs.  On  leaving  the  arched 
space  they  pass  between  the  outer  pillars  and  direct  their  course 
— rising  a  little  toward  the  scala  vestibuli — straight  to  the 
hair-cells,  with  which  they  become  completely  fused.  In  sev- 
eral preparations  from  the  dog  and  the  bat  I  have  seen  this  ter- 
mination of  the  nerves  in  the  most  convincing  manner,  at  least 
so  far  as  the  innermost  row  of  hair  cells  is  concerned ;  as  to  the 
other  rows,  we  may  pretty  confidently  assert  that  the  termina- 
tion of  the  nerves  is  the  same,  for  we  can  frequently  see  sev- 
eral fibers  passing  at  the  same  time  between  the  outer  pillars.'' 
The  very  fact  that  the  number  of  these  hair-cell  cords  increases 
with  the  higher  development  of  the  ear  shows  their  important 
fanction ;  for,  while  in  man  they  are  arranged  alternately  in 
five  rows  and  number  18,000,  in  other  Mammalia  there  are 
only  two  or  three  rows.*  These  hair-cell  cords  are  more  per- 
pendicular to  the  basilar  membrane  than  the  Corti  rods,  and 
are  also  diflFerent  in  their  forms,  having  swellings  in  the  middle 
of  their  lengths.  These  swellings  must  cause  them  to  act  like 
loaded  strings,  and  each  hair-cell  cord  is  peculiarly  well  adapted 
to  co-vibrate  with  only  one  special  sound.  Also,  these  hair- 
oell  cords  are  placed  in  reference  to  the  sound  pulses,  striking 
them  somewhat  in  the  relation  which  the  antennal  fibrils  of  the 
mosquito  bear  to  a  wave-surface  to  which  their  lengths  are  per- 

*  It  IB  to  be  reg^retted  that  no  accurate  measures  of  the  lengths  and  diameters 
of  the  rods  and  cords  of  the  organ  of  Corti  have  been  secured.  The  outer  pillars 
of  the  arch  of  Oorti  certainly  double  their  length  in  going  from  the  base  to  the  top 
of  the  ductus;  but  does  this  fact  point  them  out  as  bodies  suitably  proportioned 
to  oo-Tibrate  to  sounds  extending  through  at  least  eight  octaves  f  I  known  of  no 
BStsoTM  on  the  htur-cell  cords.  When  their  dimensions  are  determined,  physiolo- 
giali  win  be  able  to  give  more  precision  to  their  hypotheses. 
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pendicular.  The  hair-cell  cords,  therefore,  will  not  be  set  in 
vibration  by  the  action  of  the  feeble  pulses  which  may  reach 
them  directly  through  the  membrana  Beissneri  from  the  sciJa 
vestibuli ;  and  furthermore,  the  shielding  influence  of  the  mem- 
brana tectoria  tends  to  prevent  this  direct  action  on  the  cords. 

If  my  view  be  correct,  that  these  cords  receive  their  vibrations 
from  the  basilar  membrane,  and  not  directly  from  the  impulses 
sent  into  the  ductus,  it  necessarily  follows  toat  these  cords  bear 
to  the  membrane,  to  which  they  are  attached,  the  same  rela- 
tion as  stretched  strings  bear  to  the  vibrating  tuning-fiDrks  in 
Melde  s  experiments ;  and,  therefore,  a  cord  in  Ae  ductus  will 
vibrate  only  half  as  qjften  in  a  second  as  the  basilar  membrane  to 
which  it  is  fastened.  Experiments,  similar  to  those  described  in 
section  1  of  this  paper,  illustrate  very  well  our  hypothesis  of 
audition.  Thus,  the  membrane,  placed  near  the  sounding  reed, 
stands  for  the  basilar  membrane ;  strings,  of  various  lengths 
and  diameters  and  loaded  at  their  centers,  are  fastened  to  the 
,membrane  and  represent  the  hair-cell  corda  On  sounding  the 
reed-pipe,  only  those  strings  in  tune  witb  the  harmonics  exist- 
ing  in  the  composite  sound  of  the  reed  will  enter  into  vibration ; 
just  as  when  tne  same  sound  vibrations  enter  the  ear,  and  vi- 
brate the  basilar  membrane,  the  only  hair-cell  cords  which 
enter  into  vibration  are  those  in  tune  with  the  elementary  vi- 
brations existing  in  the  membrana  Also,  it  is  to  be  observed 
that  as  the  loaded  string  makes  one  vibration  to  two  of  the 
membrane,  so  the  hair-cell  cord  makes  only  one  vibration  to 
two  of  the  basilar  membrane. 

If  it  be  true  that  when  simple  vibrations  impinge  on  the  ear, 
the  tympanic  and  basilar  membranes  vibrate  twice,  while  the 
co-viorating  body  only  vibrates  once,  then  it  follows  that  if  the 
same  simple  vibrations  can  be  sent  directly  to  the  co-vibrating 
parts  of  the  ear,  without  the  intervention  of  the  basilar  mem- 
brane, we  should  perceive  a  sound  which  is  the  octave  of  the 
one  we  experienced  when  the  same  simple  vibrations  entered 
the  ear  through  the  tympanic  membrane.  Hence  it  appears 
that  our  hypothesis  can  be  brought  to  the  test  of  experiment 
in  the  following  manner:  A  tuning-fork  held  near  the  ear 
causes  a  sensation  corresponding  to  the  designated  pitch  of  the 
fork.  But  the  vibrations  of  this  fork  can  be  sent  to  the  inner 
ear  through  the  bones  of  the  head ;  and  although  we  cannot 
prevent  the  simultaneous  vibration  of  the  tympanic  and  basilar 
membranes,  yet  we  can  at  the  same  time  directly  vibrate  all  the 
parts  of  the  inner  ear.  Therefore,  if  we  first  hold  this  fork  near 
the  ear  and  note  its  pitch  and  the  quality  of  its  sound,  and  then 
press  its  foot  firmly  against  the  temporal  bone,  we  should  per- 
ceive a  marked  diflference  in  the  timbre  of  the  fork  wnen 
sounded  in  these  two  different  positions;  for  when  its  foot  is 
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against  the  head  we  should  hear  the  usual  simple  sound  of  the 
fork  accompanied  by  its  octave. 

Thus,  if  we  take  an  Ut,  fork  and  vibrate  it  near  the  ear,  and 
closely  apprehend  the  character  of  its  sound,  we  shall  experience 
a  sensation  which  certainly  does  not  contain  that  correspond- 
ing to  the  higher  octave  of  the  fork.  Now,  press  firmly  the 
foot  of  the  fork  against  the  zygomatic  process,  close  to  the  ear, 
directing  the  foot  of  the  fork  somewhat  backward,  and  we  shall 
distinctly  hear  the  higher  octave  of  the  fork  singing  in  concert 
with  its  real  note.  If  the  auditory  canal  be  now  closed  by 
eently  placipg  the  tip  of  the  finger  over  it,  we  shall  perceive  the 
higher  octave  with  an  intensity  almost  equal  to  that  of  the  fun- 
damental note.  The  same  sensation,  though  less  intense,  may 
be  obtained  by  placing  the  fork  on  any  part  of  the  temporal 
bone.  One  can  also  perceive  distinctly  the  higher  octave  when 
the  fork  is  placed  on  the  parietal  bone,  about  two  inches  in 
front  of  and  an  inch  or  so  to  the  side  of  the  foramen,  and  its 
foot  directed  toward  the  opposite  inner  ear,  while  the  auditory 
cuial  of  this  ear  is  gently  closed  with  the  tip  of  the  finger.  But 
the  higher  octave  sings  out  with  the  greatest  intensity  when  the 
foot  of  the  fork  is  placed  on  the  tragus  of  the  outer  ear.  A 
friend,  who  is  a  musician  as  well  as  a  physicist,  repeated  these 
experiments,  and  he  informs  me  that  wnen  the  foot  of  the  fork 
is  placed  against  the  tragus  of  his  ear  he  hears  the  higher  octave 
to  the  almost  entire  exclusion  of  the  lower,  and  with  a  clearness 
that  reminds  him  of  the  sensation  perceived  when  an  Ut^  resona- 
tor, placed  to  the  ear,  reinforces  its  proper  note.  The  higher 
octaves  of  several  forks  have  been  thus  perceived,  but  the  forks 
from  Utj  to  Ut^  inclusive  appear  to  give  the  best  results. 

The  fisict  that  sound  pulses  sent  to  the  inner  ear  through  the 
head  give  the  sensation  corresponding  to  the  higher  octave  of 
that  perceived  when  the  fork  vibrates  the  air  outside  the  ear, 
and,  therefore,  that  different  co-vibrating  parts  of  the  ear  are 
set  in  action  by  the  vibrations  reaching  the  ear  by  these  two 
different  routes,  is  a  necessary  consequence  of  my  hypothesis  of 
the  mode  of  audition,  and  was  not  suspected  until  my  hypothe- 
sis pointed  it  out  to  me,  and  was  not  known  until  I  attempted  to 
test  the  hypothesis  by  experiment  I  know  of  no  other  hypo- 
thesis that  accounts  for  this  fact,  which,  while  it  is  a  necessary 
consequence  of  my  own  views,  is  directly  opposed  to  those  hy- 
potheses hitherto  formed  on  the  mode  of  audition  ;  for,  accord- 
ing to  the  latter,  the  co-vibrating  parts  of  the  ear  make  as 
many  oscillations  in  a  given  interval  as  the  tympanic  and  basi- 
lar membranes. 

[To  be  continued.] 
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Art.  X. —  On  the  so-called  Land  Plants  from  the  Lower  Silurian 

of  Ohio  ;  by  J.  S.  Newberky. 

[Read  before  the  National  Academy  of  dcienoes,  at  the  meeting  in  April,  1814.] 

In  the  January  number  of  this  Journal,  Mr.  Leo  Lesquereox 
describes  two  fossils,  found  in  the  upper  portion  of  the  Cincin- 
nati group,  near  Lebanon,  Ohio.  These  ne  considers  as  the  re- 
mains of  land  plants,  and  refers  them  to  the  genus  Sigillaria; 
and  this  case  is  cited  as  the  first  instance  where  plants  so  highly 
organized  liave  been  met  with  in  Lower  Bilurian  rocks. 
Through  the  kindness  of  the  Rev.  H.  Hertzer,  to  whom  the 
specimens  in  question  belong,  they  had  been  in  my  possession 
some  time  before  the  publication  of  Mr.  Lesquereux^s  notice, 
and  I  liad  examined  them  with  some  care  for  the  purpose  of 
determining,  if  i)ossible,  their  botanical  relations.  1  had  also 
made  careful  drawings  of  them,  of  which  copies  are  herewith 
submitted.  As  the  result  of  mv  examination,  I  am  compelled 
to  say  that  1  fail  to  find,  cither  m  the  external  characters  or  in- 
ternal structure  of  those  specimens,  any  satisfiEtctory  evidence 
that  they  represent  land  plants;  still  less  that  they  form  species 
of  the  genus  Sifjillaria,  Their  external  markings  are  fiiirly  rep- 
resented in  the  accompanying  figures,  and  they  exhibit  no  in- 
ternal organic  structure  whatever.  They  are  simply  casts  in 
earthy  limestone  without  carbonaceous  matter,  or  anv  traces 
of  woody  tissue. 

The  smaller  specimen  (fig.  1)  is  a  discoid  section  of  a  cylin- 
drical trunk,  of  which  the  external  surface  is  very  smooth,  but 
is  marked  liy  a  reticulation  not 
unlike  that  of  one  section  of  the 
genus  Sigillaria,  I  did  not  dis- 
cover, however,  any  dots  or  tu- 
bercles in  the  center  of  the  mesh- 
es, such  as  are  referred  to  by 
Mr.  Lesquereux,  and  which, 
\verc  they  present,  might  be  sup- 
posed to  rei)resent  the  place  of 
the  nutrient  vessels  of  the  leaves.  Taken  by  itself,  I  should 
say  that  this  specimen  might  be  a  sponge  or  some  other  low 
form  of  marine  life,  (juitc  as  well  as  a  Sigillaria.  Since  it  is  so 
small  and  forms  so  little  of  the  original  organism,  I  think  it 
would  be  unsafe  to  make  it  the  base  of  any  general  and  impor- 
tant conclusion. 

The  larger  specimen  (fig.  2)  is  represented,  like  the  other, 
of  natural  size.  This  is  also  a  cast  of  a  nearly  cylindrical 
trunk,  of  which  the  external  surface  is  roughened  by  irregularly 
disposed  and  unequally  sized  lenticular  prominencea  These 
resemble,  in  a  rude  way,  the  leaf  scars  borne  by  the  trunks  of 
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some  Lycopodiaceous  or  Cjcadaceous  plants,  but  they  do  not 
exhibit  the  spiral  arrangement,  nor  the   details   of  structure 


which  the  leaf-scars  of  such  plants  almost  uniformly  retain  in 
the  fcMsil  state.  la  the  interior  of  this  trunk  are  seen  a  few  of 
the  irr^ulariy  scattered  points  of  carbonaceous  matter,  but  they 
are  not  continuous  fibers,  and  to  my  eye  show  no  traces  of  cell 
structureL 

Taking  all  the  characters  of  these  interesting  fossils  into  con- 
aideration,  I  am  disposed  to  regard  them  as  easts  of  the  stems 
of  fucoida.  Had  they  been  land  plants,  they  would  almost  cer- 
tainly exhibit  more  distinctness  and  regularity  of  surface- 
marking,  some  coating  of  carbonaceous  matter,  and  some  traces 
of  organic  structure.  A  large  number  of  specimens  of  sea- 
floated  land  plants,  which  we  have  found  in  the  Devonian  lime- 
stones of  Ohio,  all  assert  their  botanical  afBnities  by  these  char- 
acters.    The  remains  of  fucoids,  on  the  contrary,  consist  almost 
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universally  of  mere  casts  of  their  external  sur&ce,  carbonaceous 
matter  and  internal  structure  having  both  entirely  disappeared. 

The  physical  condition  of  the  region  about  Cincinnati,  during 
the  Lower  Silurian  age,  strengthens  the  conclusion  that  the  spe- 
cimens under  consideration  are  not  the  remains  of  land  p]ant& 
As  I  have  shown  elsewhere,*  the  Cincinnati  arch  was  raised  at 
the  close  of  the  Lower  Silurian  aga  Subsequent  to  that  time 
it  formed  a  group  of  islands,  which,  during  the  Devonian  age, 
were  probably  covered  with  a  luxuriant  terrestrial  vegetation. 
But  during  the  period  when  the  Cincinnati  group  was  deposited 
an  open  sea  occupied  all  this  part  of  the  Mississippi  V  alley. 
The  shores  of  this  sea  were  formed  by  the  Blue  Bidge,  the 
Adirondacks,  the  Canadian  Highlands  and  the  Eozoic  area  on 
the  south  shore  of  Lake  Superior,  nowhere  nearer  than  600 
miles  from  the  locality  where  these  specimens  were  found.  In 
these  circumstances  we  must  regard  it  as  extremely  improbable 
that  specimens  of  two  species  of  land  plants  should  be  floated 
from  tnis  far-off  shore  and  should  be  deposited  together  in  the 
calcareous  sediment  accumulating  at  the  sea  bottom  near  where 
Cincinnati  now  stands.  That  fucoids  should  be  found  there  is, 
however,  not  at  all  strange,  for  they  float  to  all  parts  of  all 
oceans,  and  other  fucoids  are  frequently  met  with  m  the  Cin- 
cinnati group  of  this  vicinity. 

For  the  reasons  given  above,  I  should  hesitate  to  rest  upon 
these  specimens  so  important  a  conclusion  as  that  promulgated 
by  Mr.  Lesquereux.  I  would  not  be  understood,  however,  to 
assert  positively  that  they  are  not  the  remains  of  land  plants, 
for  they  are  too  imperfect  to  be  decisive  of  that  question,  but 
onl}'  this,  that  they  do  not  afford  characters  which  permit  me 
to  accept  them  as  evidence  of  the  existence  of  land  plants,  and 
certain!}^  not  oiSigillaricB  in  Ohio,  during  the  Lower  Silurian  age. 

The  remains  of  what  have  been  called  land  plants  have  been 
discovered  in  the  Lower  Cambrian  sandstones  of  Sweden,  and 
two  species  of  these  have  been  described  (Eophyion  Linneanum 
Torell,  and  E,  Torelli  Linnarsson).  The  specimens  are  said  by 
algologists  not  to  be  the  remains  of  algse,  out  they  are  consid- 
ered to  be  vascular  cryptogams  or  monocotyledons.  It  is  not 
certain,  however,  that  they  are  not  thallogens,  as  all  traces  of 
structure  are  lost  and  nothing  is  left  but  the  impression  of  the 
external  surface,  f 

The  evidence  of  the  existence  of  land  plants  during  the  Upper 
Silurian  age  is  more  satisfactory.  Prof.  J.  W.  Dawson  of 
Montreal  has  announced  the  discovery  of  vascular  cryptogams 

*  Geological  Survey  of  Ohio,  vol  i,  part  1,  page  93. 

f  Geological  Magazine,  Sept.,  1869.  [In  the  Ofversigt  af  Kong^  Yetenaki^M- 
Akademiens  Fdrhandlingar,  1873,  No.  9,  Stockholm  (tiie  Bulletin  of  the  Royal 
Swedish  Academy)  A.  Nathorst  has  an  article,  illustrated  by  seyeral  plates,  if 
which  he  shows  a  close  resemblance  between  the  forms  of  Eophyton  and  the  trtuln 
of  drifting  Fuci  and  other  plants,  and  suggests  this  origin  for  them. — ^Bd&] 
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in  the  Upper  Silurian  strata  of  Gasp6,  Canada,*  Here,  with  a 
large  numoer  of  fucoids,  a  few  specimens  have  be^n  found, 
which  he  refers  to  his  genus  Psilopnyton.  In  these  the  scalari- 
form  axis  and  the  outer  fibrous  bark  both  remain,  and  serve  as 
guides  in  their  classification. 

With  these  exceptions,  no  land  plants  are  reported  below  the 
Devonian.  On  this  point,  however,  the  evidence  is  all  negative, 
and  highly  organized  land  plants  may  be  at  any  time  found  in 
the  Lower  Silurian  rocks.  Indeed,  the  variety  and  high  rank 
of  the  Devonian  flora  prepares  us  to  expect  such  a  result. 
Strict  accuracy  compels  us  to  state,  however,  that  up  to  the 
present  time  positive  proof  of  the  existence  of  land  plants  in  the 
Lower  Silurian  has  not  been  met  with  in  other  countries,  nor  is 
it  furnished  by  the  specimens  under  consideration. 


Abt.  XI. — A  Criticism  upon  the  Contractional  HyppUiesis ;   by 

Captain  C.  E.  Dutton,  U.  S.  A.t 

• 

The  hypotheses,  which  have  been  put  forth  to  explain  the 
part  performed  by  hypogeal  forces  in  the  evolution  oi  the  sur- 
face features  of  the  earth,  are  here  referred  to  two  types :  1st, 
those  attributing  them  to  the  contraction  resulting  from  secular 
loss  of  heat :  this  for  the  sake  of  convenience  will  here  be  called 
the  contractional  hypothesis  ;  2d,  those  arguments  which  have 
been  resorted  to  in  order  to  explain  isolated  facts,  or  groups  of 
facts,  by  attributing  them  to  the  reaction  of  the  interior  to  dis- 
turbances produced  by  external  changes :  this  will  be  called 
the  reactional  hypothesis. 

The  argument  for  the  contractional  hypothesis  presupposes 
that  the  earth-mass  may  be  considered  as  consisting  of  two  por- 
tions, a  cooled  exterior  of  undetermined  (though  probably  com- 
paratively small)  depth,  inclosing  a  hot  nucleus.  Although  of 
some  importance  to  the  argument,  it  is  not  regarded  as  a  vital 
question  whether  the  nucleus  be  solid  or  fluid,  nor  whether  the 
two  portions  be  abruptly  distinguished,  or  merely  differentiated 
from  each  other.  The  secular  loss  of  heat,  it  is  assumed,  would 
be  greater  from  the  hot  nucleus  than  from  the  exterior,  and 
the  greater  consequent  contraction  of  the  nucleus  would  there- 
fore ffradually  withdraw  the  support  of  the  exterior,  which 
would  collapse.  The  resulting  strains  upon  the  exterior  would 
be  mainly  tangential.  Owing  to  considerable  inequalities  in 
the  ability  of  different  portions  to  resist  the  strains  thus  devel- 

^  Dawson,  Precarboniferous  Plants  of  Canada,  p.  66. 

f  This  paper  is  one  of  several  communications  to  the  Washing^n  Philosophical 
Society  made  daring  the  winter  of  1872-73,  and  has  not  hitherto  been  published 
except  by  title  and  brief  abstract  in  the  minutes  of  that  society. 

Ax.  JOTJR,  Soi.— Thibd  Sbribs,  Vol.  Vm,  No.  44.— Aug.,  1874. 
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oped,  the  yielding  would  take  place  at  the  lines,  or  regions  of 
least  resistance,  and  the  eifects  of  the  yielding  would  be  mani- 
fested chiefly,  or  wholly,  at  those  places,  in  the  form  of 
mountain  chains,  or  belts  of  table-lands,  and  in  the  disturbances 
of  stratification.  The  primary  division  of  the  surface  into  areas 
of  land  and  water  are  attributed  to  the  assumed  smaller  con- 
ductivity of  materials  underlying  the  land,  which  have  been 
left  behind  in  the  general  convergence  of  the  surface  toward 
the  center.  Begarding  these  as  the  main  and  underlying 
premises  of  the  contractional  argument,  it  is  considered  unnec- 
essary to  state  the  various  subsidiary  propositions  which  have 
been  advanced  to  explain  the  determination  of  this  action  to 
particular  phenomena,  since  the  main  proposition  upon  which 
they  are  based  is  considered  untenable. 

There  can  be  no  reasonable  doubt  that  the  earth-mass  consists 
of  a  cooled  exterior  inclosing  a  hot  nucleus,  and  a  necessaiy 
corollary  to  this  must  be  secular  cooling,  probably  accompanied 
by  contraction  of  the  cooling  portions,  out  when  we  apply  the 
known  laws  of  thermal  pliysics  to  ascertain  the  rate  of  tnis  cool- 
ing, and  its  distribution  through  the  mass,  the  objectionable 
character  of  the  contractional  hypothesis  becomes  obvious. 
As  the  process  under  discussion  must  have  continued  during 
an  immense  duration,  we  must  select  some  starting  point  at 
which  the  mean  temperature  of  the  mass  was  materially  greater 
than  at  present  Assuming  the  degradation  of  temperature  to 
have  been  continuous,  we  have  only  to  assign  a  uuration  of 
sufficient  length  to  arrive  at  a  j>eriod  when  the  whole  mass,  or  a 
considerable  portion  of  it,  was  fluid.  The  selection  of  this 
starting  point  is  not  altogether  one  of  choice,  but  the  one 
pointed  to  by  the  only  obvious  mode  of  reasoning,  and  in  itself 
aj)[>arently  not  inconsistent  with  present  &cts.  It  is  quite 
foreign  to  the  pur[>ose  to  inquire  how  the  earth  originallr 
rooeivod  its  store  of  heat,  since  the  fact  of  possession  covers  all 
grounds  of  present  inquiry.  As  was  indicated  by  Sir  W. 
Thomson,  the  distribution,  both  of  materials  and  heat,  under 
tlie  condition  of  fluidity  would  be  an  approach  toward  homo- 
geneity, resulting  from  movements  of  ccmvcction  taking  place 
through  tlie  liquid  moss.  The  first  stage  of  evolution  resulting 
from  loss  of  heat  would  apparently  be  that  of  consolidation. 
The  argument  of  Hopkins  is  liere  accepted,  that  consolidation 
must  begin  at  the  center,  as  a  consequence  of  the  fact  that  pres- 
sure elevates  the  congealing  point;  and  temperatures  being  Kept 
nearly  uniform,  the  maximum  pressure  would  determine  the 
primary  point  of  congelation.  The  solidification  of  materials  at 
tlie  surface  would  result  in  sinking  by  their  increased  density 
until  the  central  solidification  had  proceeded  so  near  the  sur- 
face as  to  leave  only  an  imperfectly  liquid  mass  in  which  such 
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movements,  becoming  more  and  more  retarded,  at  length 
ceased,  leaving  a  globe,  departing  from  uniform  temperature  by 
diflferences  not  greater  than  the  difiFerences  in  congealing  tem- 
peratures due  to  differences  in  pressura  The  result  would  be  a 
solid  globe,  with,  perhaps,  isolated  reservoirs  of  liquid  matter, 
which  may  have  separated  in  the  transition  stage  from  fluid  to 
solid  by  reason  of  a  higher  melting  point. 

This  assumption  of  the  genesis  of  the  earth,  though  regarded 
as  preferable  to  all  others  that  have  been  proposed,  is  by  no 
means  insisted  on.  It  is  selected  because  it  gives  to  the  con- 
tractional  argument  the  fullest  scope  and  widest  range  of 
conditions  consistent  with  known  physical  laws.  There  is 
apparently  no  supposition  which  can  reasonably  allow  a  higher 
interior  temperature  consistently  with  the  formation  of  a  stable 
surface.  To  assume  a  lower  temperature  for  the  interior  would 
take  away  from  that  argument  jpro  rata  a  portion  of  the  possible 
diminution  of  volume  upon  which  it  must  rely  to  account  for 
surface  corrugation.  To  assume  a  higher  one  would  be  a  viola- 
tion of  physical  laws  as  we  now  understand  them,  and  virtually 
constitute  an  inadmissible  appeal  to  mysteries.  Starting,  there- 
fore, from  a  globe  possessing  the  highest  degree  of  temperature 
which  can  properly  be  conceded  consistently  with  a  condition 
in  which  the  evolution  of  surface  features  can  begin,  it  remains 
to  inquire  how  far  the  cooling  has  progressed  at  the  present 
time  ;  what  portions  have  been  sensiolv  affected  by  it ;  and  to 
what  extent  each  portion  has  been  affected.  Difficult  as  this 
problem  may  seem,  it  is  not  beyond  the  reach  of  a  general 
solution  ;  and  a  particular  solution  will  become  possible  imme- 
diately upon  the  determination  of  certain  data  not  wholly 
bevond  the  reach  of  experiment. 

feir  W.  Thomson  has  very  happily  called  Fourier's  solutions 
of  this  problem  a  **  mathematical  poem  ;"  and  the  discussion 
of  one  of  them*  by  that  preeminent  philosopher  is  here  sum- 
marized. Fourier's  problem  was  that  of  "  finding  at  any  time 
the  rate  of  variation  of  temperature  from  point  to  point,  and 
the  actual  temperature  at  any  point,  in  a  solid  extending  to 
infinity  in  all  directions,  on  the  supposition  that  at  an  initial 
epoch  the  temperature  has  had  two  different  constant  values 
on  the  two  sides  of  a  certain  infinite  plane." 

Let  V  denote  half  the  difference  of  the  two  initial  temperatures. 
I'  half  their  sum. 
e  the  time. 

or  the  distance  of  any  point  from  the  plane. 
T  the  temperature  of  the  point  x  at  the  time  L 
H  the  conductivity  of  the  material  in  terms  of  its  own 
thermal  capacity. 

^  Tnmsactioiia  Rojr.  Soc.  Edinburgh,  toL  zxiiL 
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Assuming  temperature  to  be  dependent  upon  the  value  of  x, 
the  rate  of  variation  would  be  expressed  by  the  first  difiFerential 

fjL  I 

coefficient  -=-^  whose  value,  acccording  to  Fourier,  is 
while  the  actual  temperature  at  that  point  would  be 


s/nJ  C 


2V  /•2>/;j      «2f. 

dzB 


These  formulae  for  the  supposed  infinite  solid  are  obviously 
applicable  for  a  limited  penod  of  time,  and  without  sensible 
error,  to  the  cooling  earth.  Beyond  that  period  it  would  be 
necessary,  in  order  to  preserve  their  applicnibility,  to  introduce 
the  proper  modifications  rendered  necessary  by  the  spherical 
form  of  the  earth.  It  will  soon  appear,  however,  that  the 
present,  and  consequently  all  past,  geological  epochs  lie  far 
within  this  limiting  period,  and  hence  we  need  not  concero 
ourselves  with  it ;  in  other  words,  the  cooling  of  the  earth,  com- 
paratively speaking,  has  made  but  very  little  progress  up  to  the 
present  aay.     To  obtain  from  these  expressions  determinate 

dT 
values  of  -7-  and  T,  it  is  first  necessary  to  assign  some  value 

to  ;r,  the  coefficient  of  conductivity.  To  find  this  Thomson 
and  Forbes  instituted  a  series  of  experiments  upon  three 
difierent  qualities  of  rock  material,  by  burying  thermometers 
to  depths  varying  from  8  to  25  feet,  and  observing  the  effects  of 
the  variations  01  atmospheric  temperature  upon  them.  The 
observations,  extending  through  fourteen  years,  were  carefiilly 
reduced  for  each  to  the  sum  of  a  number  of  terms,  each  of 
which  expressed  a  "simple  harmonic,"  or  vibration  of  tempera- 
ture. By  comparing  the  amplitudes  of  the  annual  vibrations 
at  different  depths,  the  value  of  the  conductivity  was  deter- 
mined *  for  the  materials  experimented  upon.  For  a  mean 
value  of  X,  Thomson  took  400  as  the  most  probable  one ;  the 
units  being  the  foot,  the  degree  F-,  and  the  year.  This  value, 
substituted  in  the  first  equation,  gives 

^T        V       1 


-.f       IGOO^ 


dx       35-4' V^ 

It  is  also  necessary  to  find  some  value  for  V,  a  matter  of 
some  difficulty.  In  the  present  case  this  will  represent  the 
maximum  temperature  of  the  interior  at  the  beginning  of  the 

*  That  is,  the  value  m  tenns  of  its  .specific  heat    The  spedflc  heat  was  deter 
mined  by  Begnault  from  blocks  sent  to  him  for  that  purpose. 
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cooling,  and  its  value  must  be  hypothetical  We  are  concerned, 
however,  only  with  such  values  of  it  as  may  have  undergone 
change,  and  we  may  take  it  to  be  the  melting  point  of  the  more 
refractory  materials  which  constitute  the  chief  bulk  of  the 
nucleus.  Presuming  these  to  be  anhydrous  silicates  for  at 
least  500  to  800  miles  in  depth,  and  paying  due  regard  to  the 
effect  of  pressure  upon  the  congealing  point,  we  may  accept  Sir 
William  s  estimate  of  this  temperature,  which  he  takes  to  be,  at 
a  maximum,  7,000®  F — a  most  abundant  estimate:  This 
reduces  the  expression  to  a  relation  between  three  unknown 

quantities,  x,  <,  and  -7—.     If  we  desire  to  ascertain  the  rate  of 

variation  of  temperature  per  foot  of  depth,  at  the  distance  a:, 
after  the  lapse  of  the  time  ^  (subject  to  data  already  given,) 
we  have  merely  to  substitute  the  numerical  values  taken  for 
those  quantities.  Thus  the  variation  of  temperature  at  the 
depth  of  2,000  feet,  after  the  lapse  of  100  million  years,  would 

cTT  V  1 

be    -^-  = *=  —    of  a  degree  F  per  foot  of    descent 

dt       354000         50-6  ^  ^ 

For  the  same  value  of  t,  the  rate  of  increase  of  temperature  at 
400,000  feet  of  depth  would  have  diminished  to  ^^y  of  a  degree 
per  foot ;  at  800,000  feet,  to  less  than  ,  j  jir  of  a  degree  per  foot ; 
and  below  150  miles  the  increase  of  temperature  would  not  be 
sensible.  For  points  very  near  the  surface — say  ten  miles  or 
less — the  exponential  factor  becoming  sensibly  equal  to  unity, 
the  equation  shows  that  the  increase  of  temperature  would  be 
inversely  as  the  square  root  of  the  duration  of  the  cooling.  If 
it  be  possible,  therefore,  to  determine  a  true  mean  rate  of 
increase  of  temperature  per  foot  of  descent  at  any  point  near 
the  surface,  the  time  required  to  elapse  from  the  epoch  of  the 
first  establishment  of  the  cooling  to  the  present  will  become 
known.  This  mean  is  placed  by  some  investigators  at  ■^\  of  a 
degree  F  per  foot,  and  by  others  at  -^^ ;  the  former  giving 
about  100  million,  and  the  latter  about  130  million,  years. 

The  accompanying  graphical  representationf  exhibits  the  law 
of  increase  of  geothermal  temperatures  in  accordance  with  Sir  W. 
Thomson's  discussion  of  Fourier's  theorem. 

Of  the  general  correctness  of  this  theorem  there  can  be  no 
doubt  We  may,  however,  for  the  moment  qualify  this  asser- 
tion by  an  inquiry  as  to  the  nature  of  one  of  the  quantities 
entering  the  expression  of  it  The  coefficient  of  conductivity 
H  is  regarded  as  a  true  constant  Whether  it  is  so  in  reality  is 
questionable.  *  Experiments  upon  the  conductivity  of  some 
materials  show  that  there  is  probably  a  variation,J  which  is 

*  The  exponential  factor  having  become  so  near  e'^=l  that  it  may  be  omitted, 

{From  the  paper  of  Sir  W.  Thomson  referred  to. 
Thia  has  been  shown  by  Principal  J.  D.  Forbes  to  be  the  case  with  iron,  the 
conductiTity  difniniflhing  with  the  temperature. 
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some  fiinction  of  the  temperature.  But  if  a  function  of  the 
temperature,  it  must  also  be  a  function  of  the  time  and  depth, 
and  hence  would  alter  the  general  form  of  the  law,  and  affect 
all  quantitative  evaluations  derived  from  it*      The  general 

Oraphical  repreaenioHan  of  increase  of  temperature  downward  m  (he  earth.   {Sir  W. 

ITumion.) 
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0  P  Q  showing  excess  of  temperature  above  that  of  the  sorfaoe. 
A  P^R  showing  rate  of  augmentation  downward. 

tendency  of  the  results  of  experiment  seems  to  be  toward  the 
conclusion  that  conductivity  diminishes  as  the  fluid  state  is 
approached,  and  if  we  are  to  adopt  that  conclusion  in  this  case, 
the  quantitative  effects  would  be  a  smaller  totality  of  dissipa- 
tion of  heat,  and  a  more  rapid  transition  from  cold  to  hot,  thus 
bringing  the  nucleus  nearer  the  surface.  The  time  required  to 
establish  an  increase  of  5'^.^°  F  per  foot  of  descent  would  also 
be  increased,  and  probably  in  no  small  degree,  depending  of 
course  upon  the  amount  of  variation  which  the  conductivity 
undergoes  with  change  of  temperature.     Such  a  modification 

*  The  identical  curve  here  given  might  still  be  used  with  a  slight  modification  in 
the  axis  of  abscissas.  If  instead  of  equal  divisions  of  that  axis,  we  were  to  take 
unequal  ones  with  values  determined  by  the  equation  k=/(T)=/'(x),  the  onrfe 
would  be  totally  unchanged.  To  reduce  it  to  a  scale  of  equal  parts,  stretch  out  or 
shrink  up,  as  the  case  may  be,  the  whole  projecting  plane  in  the  direction  of  x 
until  the  divisions  become  equaL 
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of  Fourier's  law  would  still  further  reduce  the  basis  of  the  con- 
tractional  hypothesis  by  reducing  the  total  dissipation,  and  the 
amount  of  contraction  which  could  be  inferred  from  it. 

Again,  the  value  given  to  k  by  Sir  W.  Thomson  has  been 
questioned,  and  it  has  been  argued  that  rocks,  porous  and 
saturated  with  water,  are  much  worse  conductors  of  heat  than 
those  experimented  upon  by  that  philosopher,  and  there  may 
be  good  reason  for  placing  this  value  considerably  lower — say 
at  260  instead  of  400.  The  efiFect  of  this  modification  would 
be  to  move  surfaceward  the  positions  of  the  isogeotherms,  as 
determined  by  the  value  of  the  surface  rate  of  increase,  and  to 
extend  the  duration  of  the  cooling. 

Another  serious  quantitetive  modification  will  appear  possible 

when  we  inquire  as  to  the  value  of  -^  for  places  near  the  sur- 
face, i.  e.,  the  rate  of  increase  of  temperature  per  foot  of  descent. 
This  is  the  yard-stick,  by  which  everything  else  is  measured. 
Its  value  is  known  to  vary  widely,  being  y'j  in  some  places,  and 
not  more  than  j{^  in  others.     Is  it  safe,  or  even  proper,  to 
take  the  average  of  all  observed  rates  as  the  true  and  most 
probable  one?     It  is  a  most  natural  inference  that  the  higher 
ones  are  attributable  to  the  proximity  of  exotic  masses,  are 
therefore  accidental  and  should  be  excluded  from  averages. 
The  extreme  slowness  with  which  heat  is  dissipated  from  such 
masses  ought  to  prepare  us  for  the  possibility  that  proximity 
to   exotic  Igneous  masses  may  vitiate  any  result     it  would 
seeni  most  proper  to  select  such  values  as  may  have  been  de- 
termined in   places   which   show   the    minimum   disturbance 
throughout  their  whole  geological  history.     But  there  is  a  diffi- 
culty even  here.     The  aqueous  circulation  below  the  surface, 
everywhere  so  abundant,  must  in  some  cases  affect  the  normal 
temperature  produced  by  secular  cooling.     While  a  preference 
is  here  expressed  for  the  smaller  rates,  it  is  yet  immaterial,  so 
far  as  the  present  argument  is  concerned,  which  of  the  extremes 
be  taken. 

1.  Given  then  this  world  of  ours,  once  of  nearly  uniform  tem- 
perature, 7,000°  F,  now  exhibiting  an  increase  of  yi^^  of  a  de- 
gree per  foot  of  descent  near  the  surface.  What  is  the  present 
thermal  distribution,  and  what  has  been  the  period  of  its  evolu- 
tion ?  The  epoch  would  be  about  625  millions  of  years.  At 
a  depth  of  300  miles  the  increase  of  temperature  would  be 
about  jyVry  of  a  degree  per  foot  of  descent.  Thence  inward 
the  total  amount  of  cooling  since  the  beginning  would  be  in- 
considerable :  outward  it  would  show  an  increasing  amount, 
very  gradual  at  first,  but  becoming  more  and  more  rapid,  till  it 
reaches  the  present  mean  temperature  at  the  surface. 
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2.  Or  take  the  present  surfiace  rate  at  •  jj.y  of  a  degree  per 
foot,  the  other  conditions  being  unchanged.  The  epocn  would 
be  about  160  millions  of  ^ears,  and  below  140  miles  the  rate  of 
increase  would  be  inconsiderable. 

3.  Taking  Sir  W.  Thomson's  valuation  of  x  at  400,  instead 
of  250,  and  of  tlie  surface  rate  at  ji-^,  the  epoch  becomes  about 
98  million  years,  and  below  150  miles  the  rate  of  increase 
would  be  less  than  ttV«- 

4.  Take  x  at  250,  and  -=-  at    ^U  at  the  surface  :  the  epoch 

ax 

would  be  2,500  millions  of  years,  and  below  600  miles  the  cool- 
ing may  be  disregarded. 

That  Fourier's  theorem,  under  the  general  conditions  given, 
expresses  the  normal  law  of  cooling,  is  admitted  by  all  mathe- 
maticians who  have  examined  it  The  only  ground  of  contro- 
versy must  be  upon  the  values  to  be  assigned  to  the  constants. 
But  there  seem  to  be  no  values  consistent  with  probability 
which  can  be  of  help  to  the  contractional  hypothesis.  The 
application  of  the  theorem  shows  that  below  200  or  800  miles 
the  cooling  has,  up  to  the  present  time,  been  extremely  little: 
were  it  otherwise,  the  present  rate  of  increase  of  heat  per  ft)ot 
of  descent  would  be  lower  than  the  lowest  reasonable  estimate, 
unless  indeed  new  evidence  can  be  brought  up  to  show  that 
this  ratio  is  much  less  than  ^iyj  and  that  the  present  accepted 
mean  of  jV  to  •^\  is  the  result  of  unknown  perturbations,  tend- 
ing to  exaggerate  its  value  many  times.  At  present,  however, 
the  unavoidable  deduction  from  this  theorem  is  that  the  great- 
est possible  contraction  due  to  secular  cooling  is  insufficient  in 
amount  to  account  for  the  phenomena  attributed  to  it  by  the 
contractional  hypothesis. 

So  far  the  discussion  has  taken  no  account  of  such  inequal- 
ities in  the  process  of  cooling  as  have  occurred  in  the  form  of 
Plutonic  action.  Our  knowledge  of  this  subject,  especially  of 
its  history,  is  so  obscure  that  any  treatment  we  might  propose 
to  give  It  would  be  purely  speculative,  and  none  but  the  sim 
plest  and  Jipparently  most  necessary  inferences  from  it  could  be 
justified.  It  is  certain  that  such  action  would  accelerate  the 
dissipation  of  heat,  but  at  the  expense  of  what  regions  o^in 
be  known  only  when  we  are  able  to  locate  the  seat  of  its  causa- 
tion. But  in  any  event  it  is  not  apparent  that  the  conclusion 
just  drawn  would  be  sensibly  affected  in  this  quarter. 

There  is,  however,  a  possible  source  of  diminution  of  vol- 
ume, other  than  the  contraction  directly  due  to  the  fall  of  tem- 
perature, which  may  be  alluded  to.  A  change  of  temperatiire 
IS,  in  most  cases,  followed  by  changes  in  chemical  relative 
potentials  developing  new  affinities.  In  localities  where  molec- 
ular mobility  is  possible,  these  changes  may  give  rise  to   new 
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compounds  of  higher  average  density.  But  it  is  not  clear  how 
such  changes  could  take  place  at  depths  greater  than  those 
assigned  as  the  limits  of  sensible  cooling,  and  such  an  assump- 
tion must  appear  gratuitous  until  supported  by  evidence.  The 
want  of  such  evidence  compels  us  to  confine  possible  changes 
of  density  (so  far  as  strict  reasoning  is  concerned)  to  horizons 
not  lower  than  two  or  three  hundred  miles.  Although  no  esti- 
mate can  be  made  of  the  contraction  of  this  portion,  it  is  prob- 
ably safe  to  say  that  its  volume  cannot  have  diminished  so 
much  as  one-tenth ;  and  if  we  were  to  assign  thirty  miles  as  the 
diminution  of  the  earth's  mean  radius  since  the  first  formation 
of  a  cooled  exterior,  we  should  probably  reach  the  utmost  limit 
consistent  with  Fourier  s  theorem.  By  far  the  larger  portion  of 
this  contraction  must  have  taken  place  before  the  commence- 
ment of  the  Paleozoic  aga  By  far  the  larger  portion  of  the 
residue  must  have  occurred  before  the  beginning  of  the  Ter- 
tiary ;  and  yet  the  whole  of  this  contraction  would  not  be  suffi- 
cient to  account  for  the  disturbances  which  have  occurred  since 
the  close  of  the  Cretaceous.  In  all  mountain  regions  the  dis- 
turbances of  the  strata,  which  are  supposed  to  be  due  to  tan- 
gential compression,  are  so  great,  that,  in  order  to  account  for 
their  plication  by  this  hypothesis,  we  should  be  compelled  to 
assume  a  contraction  of  some  circles  of  latitude,  since  the  com- 
mencement of  the  Permian  epoch,  amounting  to  many  hun- 
dreds of  miles.  But  when  we  examine  the  Laurentian  rocks 
wherever  found,  their  excessively  disturbed  condition  must 
utterly  prohibit  the  belief  that  it  is  the  result  of  secular  con- 
traction of  the  interior.  Bearing  in  mind  that  a  shrinkage  of 
one- fifth  of  linear  dimensions  implies  an  increase  of  95  per  cent 
in  mean  density,  and  that  according  to  this  hypothesis  such  in- 
crease is  zero  at  the  surface,  it  puzzles  the  imagination  to  con- 
ceive what  must  have  been  the  condition  of  the  earth  mass 
while  the  Laurentian  sediments  were  accumulating,  if  we  are 
to  assume  that  their  present  distortion  is  due  merely  to  secular 
contraction. 

The  determination  of  plications  to  particular  localities  pre- 
sents difficulties  in  the  way  of  the  contractional  hypothesis 
which  have  been  underrated.  It  has  been  assumed  tnat  if  a 
contraction  of  the  interior  were  to  occur,  the  yielding  of  the 
outer  crust  would  take  place  at  localities  of  least  resistance. 
But  this  could  be  true  only  on  the  assumption  that  the  crust 
could  have  a  horizontal  movement  in  which  the  nucleus  does 
not  necessarily  shara  A  vertical  section  through  the  Appa- 
lachian region  and  westward  to  the  100th  meridian  shows  a 
surface  highly  disturbed  for  about  two  hundred  and  fifty  miles, 
and  comparatively  undisturbed  for  more  than  a  thousand.  No 
one  would  seriously  argue  that  the  contraction  of  the  nucleus 
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had  been  confined  to  portions  underlying  the  disturbed  regions: 
yet  if  the  contraction  was  general,  there  must  have  been  a  large 
amount  of  slij)  of  some  jwrtion  of  the  undisturbed  segment 
over  the  nucleus.  Such  a  proposition  would  be  very  difficult 
to  defend,  even  if  the  premises  were  granted.  It  seems  as  if 
the  friction  and  adhesion  of  the  crust  upon  the  nucleujs  had 
been  overlooked.  Nor  could  this  be  small,  even  though  the 
crust  rested  upon  liquid  lava.  The  attempts  which  some  emi- 
nent geologists  have  recently  made  to  explain  surface  corruga- 
tion by  this  method  clearly  show  a  neglect  on  their  jxirt  to 
analyze  carefully  the  system  of  forces  which  a  contraction  of 
the  nucleus  would  generate  in  the  crust  Their  discussions 
have  been  argumentative  and  not  analytical.  The  latter 
method  of  examination  would  have  shown  them  certain  diffi- 
culties irreconcilable  with  their  knowledge  of  facts.  Adopting 
the  argumentative  mode,  and  in  conformity  with  their  view  re- 
garding the  exterior  as  a  shell  of  insufficient  coherence  to  sus- 
tain itself  when  its  supjwrt  is  sensibly  diminished,  the  tendency 
of  corrugation  to  occur  mainly  along  certain  belts,  w^ith  series 
of  parallel  folds,  is  not  explained  by  Jissuming  that  these  local- 
ities are  regions  of  weakness.  For  a  shrinkage  of  the  nucleus 
would  throw  each  elementary  portion  of  the  crust  into  a  state 
of  strain  by  the  action  of  forces  in  all  directions  within  its  own 
tangent  plana  A  relief  by  a  horizontal  yielding  in  one  direc- 
tion would  by  no  means  be  a  general  relief  We  may  conceive 
tho^se  forces  to  be  resolved  into  two  sets  of  components  resj'^ect- 
ively  parallel  to  the  two  coordinate  axes.  In  the  case  under 
consideration  the  diminution  of  the  intensity  of  one  set  of  com- 
ponents by  weakening  the  supports  from  which  it  thrusts 
would  have  the  effect  of  increasing  the  intensity  of  the  other 
set  of  components  at  right  angles  to  the  weakened  set  No 
relief  could  take  place  unless  it  be  a  relief  in  all  directionsL 
The  case  in  question  is  not  that  of  the  cylindric  arch,  but 
nearly  that  of  the  dome ;  and  if  a  collapse  is  to  occur,  every 
terrestrial  great  circle  must  contract  equally  and  simultane- 
ously ;  otherwise  great  deformations  of  the  earth's  normal  fig- 
ure would  result  The  plications  of  the  Paleozoic  rocks  do 
not  conform,  either  in  Europe  or  America,  to  the  consequences 
here  affirmed.  These  disturbances  are  localized  in  long  and 
rather  narrow  belts,  and  if  they  truly  represent  contraction  of 
certain  great  circles,  then  such  contraction  must  have  been 
enormous  in  ares  perj)endicular  to  the  axes  of  plication*  and 
very  little  in  arcs  parallel  thereto.  Still  more  discordant  is  the 
contnictional  hypothesis  with  the  Tertiary  plications.  From 
Ca])e  Horn  to  the  Behrings  Sea  is  a  continuous  belt,  very  nar- 
row for  most  of  the  distance,  but  extremely  disturbed  through- 
out    If  the  parallels  of  latitude  perpendicular  to  this  mighty 
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range  have  alone  contracted  so  greatly  at  this  axis,  how  can  we 
reconcile  such  an  assumption  with  the  fact  that  the  earth^s 
present  figure  is  so  nearly  an  ellipsoid  of  revolution  with  an 
eccentricity  due  to  its  mean  density  and  angular  velocity.  It 
is  here  that  the  analogy  of  the  withered  apple  fails.  If  it  is 
corrugated  irregularly  by  shrinkage,  it  fails  to  preserve  its  orig- 
inal figure ;  and  conversely,  if  it  preserves  its  original  figure,  it 
must  be  corrugated  uniformly. 

A  comparison  of  this  hypothesis  with  details  of  surface 
structure  would  involve  an  interminable  discussion.  The 
diversity  of  details  is  so  great  that  only  the  most  prominent 
and  persistent  ones  could  oe  properly  selected  ;  and  as  it  is  in- 
tended to  bring  these  into  relation  with  other  propositions,  their 
discussion  will  be  omitted  here. 


Art.  Xn. — Descriptions  of  two  new  Species  of  Fishes  from  the 
Bermuda  Islands ;  by  G.  Brown  Goode. 

In  a  collection  of  fishes,  including  some  seventy  species, 
made  at  the  Bermudas  in  the  spring  of  1872,  I  find  two  forms 
apparently  undescribed,  descriptions  of  which  are  given  below. 
As  the  marine  life  of  the  Bermuda  group  is  essentially  West 
Indian  in  its  character,  these  species  may  be  regarded  as  addi- 
tions to  the  icthyological  fauna  of  the  West  Indiea 

1,  Diapierus  Lefroyi^  sp.  nov. 

This  species  belongs  to  the  genus  Qerres  as  defined  by  Dr. 
Giinther.     It  is  distinguished  from  all  other  members  of  the 

?;nu8  and  family  by  its  relatively  greatly  elongated  form. 
he  body  is  fusiform,  compressed,  its  greatest  height,  at  the 
thoracic  region,  being  a  little  less  than  one-fourth  (-23)  of  the 
total  length  and  a  little  more  than  one-fourth  ('27)  of  the  length 
without  caudal  ('89):  in  Diapterus  aprion,  the  most  elongated 
of  the  species  hitherto  described,  the  greatest  height  is  but  one- 
third  of  the  length.  The  height  of  the  body  is  uniform  under 
the  spinous  portion  of  the  dorsal,  sloping  gently  and  at  a  nearly 
uniform  angle  above  and  below  to  the  middle  of  the  caudal 
peduncle.  The  height  of  the  body  behind  the  dorsal  (10)  is  less 
than  one-half,  that  of  the  least  height  of  the  tail  (•06)  is  one- 
fourth  of  the  greatest  height  of  the  body. 

The  scales  are  large,  measuring  '03  and  '04  in  height  and  '02 
and  *0S  in  length  :  they  form  about  forty-five  obliaue  trans- 
verse rows  between  the  head  and  the  caudal,  four  and  one-half 
longitudinal  rows  between  the  back  and  the  lateral  line  and  ten 
between  the  lateral  line  and  the  belly. 
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The  length  of  the  head  (*22)  equals  the  greatest  height  of  the 
body  and  is  double  the  greatest  width  of  the  head  (-11) :  the 
height  at  the  pupil  ('14)  is  double  the  width  of  the  interorbital 
space  (-07).  The  length  of  the  snout  (-06)  equals  the  length  of 
tue  operculum  ('06) ;  when  the  mouth  is  protruded  the  length 
of  the  snout  is  douuled  ('12)  and  when  retracted  the  posterior 
extremity  of  the  intermaxillary  process  extends  to  the  vertical 
througli  the  center  of  the  pupil.  The  nasals  are  very  promi- 
nent and  the  nostrils  are  nearer  to  the  orbit  than  to  the  extrem- 
ity of  the  jaw. 

The  orbit  is  circular,  its  diameter  (08)  one-third  the  length 
of  tlie  head.  The  origin  of  the  dorsal  is  slightly  behind  that 
of  the  ventrals,  its  distance  from  the  snout  ('SI)  twice  the  length 
of  ius  base  (-16).  The  dorsal  spines  are  graduated  nearly  in 
the  proportion  (I=-02;  II=-12;  111=11;  IV=10;  V=09; 
VI  =085;  VII=-0725;  VIII=-05;  IX=04>  The  notch  be- 
tween the  spinous  and  soft  portions  is  very  deep  and  the  con- 
necting membrane  barely  perceptible.  In  the  soft  dorsal  the 
fifth  ray  is  tlie  longest  ("OO)  and  equals  the  fifth  spine,  the  suc- 
ceeding rays  diminishing  regularly  to  the  last,  which  equals  the 
ultimate  spine  (-04) ;  the  length  o"f  its  base  ('20)  is  greater  than 
that  of  the  si)inous  dorsal.  The  anal  begins  behind  the  center 
of  the  body  ('56) :  the  first  spine  is  very  short  ("Ol),  one-fifth  the 
lengtli  ('Go)  of  the  second,  which  is  slender ;  the  first  ray  is 
the  longest  (OS),  the  succeeding  rays  regularly  diminishing  in 
length  to  the  last  ('03).  The  lobes  of  the  caudal  are  equal,  the 
outer  rays  in  lengtli  (-21)  five  times  the  inner  ones  ("04).  The 
extroiiiity  of  the  pectoral  reaches  the  vertical  from  the  last  dor- 
sal spine :  its  distance  from  the  snout  at  the  axilla  ("25)  is 
nearly  equal  to  the  height  of  the  body.  The  ventral  spine  re- 
sembles the  fifth  dorsal  spine  in  shape  and  size;  the  length  of 
till?  longest  ray  ('11)  slightly  exceeds  one-third  of  the  distance 
from  the  snout  to  the  ventral  axilla  ('30);  the  axillarv  append- 
age consists  of  four  lanceolate  scales,  the  first  and  longest  as 
loii^  as  the  last  ventral  rav. 

Color:  silver}',  with  a  bluish  tint  above ;  axils  of  the  pectorals 
and  extremity  of  snout  brownish. 

Radial    formula,  D.  IX,  10.     A.    IT,  8.     P.  12.     V.  I,  6. 

v>.  »j,  t',  y,  o. 

The  unit  of  measurement  used  above  is  one-hundredth  of 
the  total  length,  which  in  an  average  specimen  is  7'29  inches 
(M.  O.  '185).  The  si)ecies  is  common  m  the  protected  inlets 
about  the  islands  in  coiiij>any  with  the  *'shad''  {I)iapterus  gula\ 
from  which  it  is  distinguisluMl  by  the  name  "long-boned  shad:'' 
they  are  in  demand  for  bait  and  are  easily  seized  in  large  quan- 
titiCvS.  I  take  pleasure  in  dedicating  the  species  to  his  Excel- 
lency, Maj.-Gen.  J.  11.   Lefroy,  F.RS.,  Governor  of  the  Ber 
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mudas,  who  while  doing  so  much  for  the  social  and  political 
welfare  of  the  islands,  is  taking  an  active  part  in  adding  to 
our  knowledge  of  their  natural  history. 

2.  Engraulis  chcerostomus,  sp.  nov. 

This  species  closely  resembles  Engraulis  surinamensis  (Blkr.) 
Gthr.  differing  fix)m  it,  however,  in  several  respects. 

The  height  of  the  body  (16)  is  a  little  jnore  than  two-thirds 
of  the  length  of  the  head  and  is  contained  six  times  in  the  total 
length  and  a  little  more  than  four  times  in  the  length  to  end  of 
middle  caudal  rays  ("OO)  :  the  height  at  the  ventrals  is  less  ('18). 
The  scales  are  large,  in  thirty-eight  oblique  rows  between  the 
head  and  the  caudal. 

The  length  of  the  head  ("22)  is  less  than  one-fourth  of  the 
total  and  is  double  its  height  at  the  pupil  (11) :  its  greatest 
width  ('08)  is  about  one-third  of  its  length.  The  orbit  is 
nearly  circular  and  its  diameter  ('05)  equals  the  length  of  the 
snout  ("OS)  and  the  width  of  the  interorbital  area  ('05).  The 
snout  projects  far  beyond  the  lower  jaw,  whose  extremity  just 
passes  the  vertical  from  the  anterior  margin  of  the  orbit.  The 
maxillaiy  is  dilated  above  the  mandibular  joint,  rather  tapering 
behind,  and  extends  to  the  gill  opening.  The  gill-rakers  are 
fine,  setiform,  not  longer  than  the  eye  ('05),  about  25  on  the 
lower  branch  of  the  outer  branchial  arch. 

The  origin  of  the  dorsal  fin  is  in  front  of  the  middle  of  the 
body  ('45  from  snout),  and  directly  above  the  extremities  of  the 
ventrals:  the  length  of  the  first  ray  ('06)  is  half  that  of  the 
second  (12),  which  nearly  equals  the  lengtn  of  the  base  (.11). 

The  origin  of  the  anal  is  at  the  middle  of  the  body  ('51  from 
snout)  and  below  the  posterior  dorsal  rays :  its  greatest  height 
(•11)  nearly  equals  that  of  the  dorsal. 

The  length  of  the  middle  caudal  rays  ('08)  is  two-fifths  of 
the  outer  rays  ('20).  The  length  of  the  pectorals  ('11)  equals 
the  length  of  base  of  dorsal  ('11),  the  extremities  reaching  to 
the  origin  of  the  ventrals.  Length  of  ventrals  ('09) :  distance 
firom  snout  (•85). 

Color :  back  and  sides  brownish,  belly  white ;  a  broad,  clearly 
defined  lateral  band  of  silver  as  wide  as  the  diameter  of  the 
orbit  (05). 

Radial  formula  D.  18-14.  A.  23-24.  Length  2*68  inches 
(M.  O  068). 

Common  in  schools  in  Hamilton  Harbor,  where  it  is  taken 
for  bait  in  cast  nets.  Its  enormous  mouth  has  given  it  the 
name  of  "hog-mouth  fry." 

The  types  of  these  descriptions  are  preserved  in  the  U.  S. 
National  Museum  in  Washington  and  the  University  Museum 
in  Middletown,  Conn« 
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Art.  Xm. — On  an  optical  method  of  studying  the  Vibrations  of 
Solid  Bodies ;  by  Ogden  N.  Rood,  Professor  of  Physics  in 
Columbia  College. 

Ik  the  year  1855  Lissajous  described  a  beautiful  mode  of 
bringing  two  tuning-forks  into  exact  unison,  which  since  that 
time  has  been  of  great  use  for  the  production  of  exact  copies 
of  standard  forks  executing  a  known  number  of  vibrations  in 
a  second.  This  method  is  now  so  familiar  that  farther  allusion 
to  it  would  be  superfluous,  and  I  pass  on  to  the  description  of 
an  analagous  proceeding,  which  if  it  falls  a  little  short  of  that 
of  Lissajous  in  point  of  exactitude,  is,  on  the  other  hand,  more 
easy  of  execution  and  more  generally  applicable  to  the  study 
of  the  vibrations  of  solid  bodies  of  very  aifferent  forms.  The 
nature  of  the  method  referred  to  will  best  be  illustrated  by  a 
few  examples. 

Tuning-forks, — Let  us  suppose  that  it  is  required  to  ascertain 
whether  two  forks  are  in  unison,  or  to  determine  the  difference 
in  the  number  of  vibrations  executed  by  them  in  a  second. 
For  this  purpose  a  short  piece  of  fine  steel  wire  is  attached  to 
eacli  of  the  forks  and  they  are  supported  in  positions  so  that 
their  vibrations  shall  be  at  right  angles 
to  each  other,  as  indicated  in  fig.  1.  The 
wires  may  have  a  diameter  of  one  or  two- 
tenths  of*  a  millimeter,  or  even,  less,  and 
are  to  be  attached  with  the  least  possible 
amount  of  soft  wax  or  varnish.  They 
may  be  brouglit  quite  near  to  each  other, 
or  may,  if  necessary,  be  several  inches 
apart  If  the  forks  are  now  set  into  vi- 
bration and  the  intersection  of  the  wires 
viewed  against  a  bright  background  with 
a  small  telescope,  it  will  be  seen  that  an 
optical  figure  is  developed,  which  is  partlv  due  to  the  same 
well  known  conditions  that  give  rise  to  the  figures  of  Lissajous, 
and  partly  to  the  circumstance  that  the  wires  move  with  less 
velocity  when  near  their  maximum  deviation  from  the  line  of 
rest.     Hence,  if  the  ditterence  in  phase  „  3 

is  0,  an   appearance  like  fig.  2  is  pro-     ^      *  *  ^ 

duced,  which  changes  into  fig.  8  when   Mm  B 

the  ditlercnce  in  phase  has  increased  to  Wt  V| 

one-half  a  complete  vibration.     Fainter  ^ 

indications  of  the  same  figures  are  shown  in  all  cases,  except 
when  the  ditference  in  phase  is  one-fourth,  three- fourths,  Ac., 
of  a  vibration,  or  nearly  so.     This  figure,  then,  is  characteristic 
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of  forks  in  unison,  and  by  proper  arrangement  of  the  light 
and  telescope  can  be  made  tolerably  sharp  and  distinct  If  the 
forks  are  actually  in  unison,  the  aoove  figure  is  pretty  certain 
to  be  produced  after  one  or  two  trials,  and  the  fact  of  its  con- 
stancy will  then,  on  the  other  hand,  be  the  evidence  of  perfect 
unison.  If  the  forks  are  not  exactly  in  unison,  fig.  1  will,  as 
stated,  after  some  time  change  into  fig.  2,  and  the  number  of 
seconds  necessanr  for  this  change  will  measure  the  interval  re- 
quired by  one  oi  the  forks  in  gaining  or  losing  half  of  a  com- 
plete vibration. 

When  the  two  wires  are  only  a  few  millimeters  apart,  it  is 
evident  that  the  telescope  will  furnish  distinct  images  of  them 
both  without  any  especial  contrivance,  but  as  a  general  thing 
in  the  application  of  this  method,  the  intervening  distance  be- 
tween the  vibrating  bodies  will  be  greater,  giving  rise  to  an 
obstacle,  in  making  the  focal  adjustment.  This  is  readily  met 
by  limiting  the  aperture  of  the  object-glass.  The  focal  length 
of  the  object-glass  of  the  telescope  used  by  me  was  120  milli- 
meters for  parallel  rays,  and  when  the  aperture  was  reduced  to 
two  millimeters,  sufficiently  distinct  vision  of  both  the  wires 
could  be  obtained,  even  when  their  distance  apart  was  several 
centimeters,  and  the  telescope  yet  so  near  to  them  as  to  admit 
of  the  performance  of  all  the  manipulations  by  the  observer 
without  rising.  With  this  limited  aperture,  the  light  from  a 
white  cloud  answered  quite  well. 

If  the  forks  differ  by  an  interval  of  an  octave,  an  almost 
equally  distinct  and  well  marked  figure  will  be  produced,  such 
as  is  seen  in  figs.  4  and  6,  which  represent  the  characteristic 
appearances  in  this  case.    This  fig- 
ure is  quite  as  useful  for  purposes  *  |^  ^    ' 
of  investigation  as  that  or  unison.    ^     |^                  ^     ^ 
Somewhat  less  distinct  and  more   ^  ^ 
complicated  figures  are  given  by             pF                  V 
the  quint,  the  duodecirae  and  the 

double  octave.  It  is  a  little  more  difficult  to  distinguish  them 
fi^m  each  other  by  a  glance,  and  they  are  less  sharply  defined 
than  those  of  unison  or  of  the  octave,  which  should  always 
have  the  precedence  for  experimental  determinations  ;  still  the 
other  figures  admit  of  being  employed  when  necessary.  The 
relation  of  all  these 'to  the  corresponding  figures  of  Lissajous 
is  evident  on  inspection. 

Tuning-forks  and  vibrating  cords, — From  the  foregoing  it  evi- 
dently is  easy  with  this  method  to  bring  a  vibrating  string  into 
unison  with  a  given  tuning-fork,  or  to  adjust  it  so  that  the  in- 
terval shall  be  a  quint,  octave,  twelfth  or  double  octave,  above 
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or  below.  It  is  also  easy  to  ascertain  the  number  of  vibrations 
made  by  a  string  in  a  given  case,  by  the  aid  of  a  bridge  and  a 
properly  selected  fork  making  a  known  number  of  vibrations, 
the  .stnn^  being  shortened  till  it  furnishes  one  of  the  above 
mentioned  figures,  and  executes  hence  a  known  number  of 
vibrations,  alter  which  the  number  of  vibrations  made  by  its 
whole  length  can  readily  be  calculated  by  a  well  known  law." 

Vibrating  cords. — To  bring  two  cords  into  unison,  or  to  pro- 
duce one  of  the  above  mentioned  intervals,  it  is  not  at  all  nec- 
essary that  they  should  actually  vibrate  at  right  angles  to  each 
other  :•  in  my  experiments  I  simply  placed  between  the  strings 
on  the  monochom  a  cork  cut  at  an  angle  of  45°,  and  support- 
ing at  tliis  angle  a  small  piece  of  looking-glass  of  good  quality. 
The  reflected  and  vertical  image  of  tlie  farther  stnng  was  then 
seen  in  the  telescope  crossed  by  the  horizontal  image  of  the 
nearer  string,  and  the  mirror  being  turned  so  as  to  reflect  at  the 
same  time  light  from  the  sky,  all  the  conditions  were  fnlfiUei 
It  is  evident  that  this  arrangement  furnishes  an  excellent  ex- 
perimental mode  of  studying  the  laws  of  vibrating  strings,  of 
comparing  them  with  theory,  and  examining  into  the  devia- 
tions caused  by  stitthess  and  unequal  caliber. 

In  all  the  experiments  with  strings  I  employed  the  differen- 
tial sonoinkre  of  Marloye  as  constructed  oy  Konig,  so  well 
known  for  his  excellent  workmanship,  merely  adding  a  clamp 
to  one  of  the  bridges  for  the  purpose  of  holding  down  the  coro. 
But  this  instrument,  although  admirable  when  the  ear  is  used 
as  a  test,  was  found  not  to  possess  a  delicacy  sufficiently  great 
to  enable  the  experimenter  to  take  full  advantage  of  the  sensi- 
tiveness of  the  method  here  described.  The  arrangement  for 
varying  the  tension  was  hardly  sufficiently  fine,  and  a  screw 
movement  attached  to  the  bridge  would  have  been  a  great 
advantage.  It  was  also  found  difficult  to  maintain  a  given  ten- 
sion with  perfect  exactitude  for  any  length  of  time.  Probably 
some  modification  of  the  older  arrangements  of  Weber  or 
Fischer  would  be  found  to  answer  better. 

Vibrations  of  rods,  bars  and  plates, — It  is  evident  that  rods  or 
bars  supported  at  one  extremity  or  at  two  nodes,  and  provided 
with  fine  terminal  wires,  can  by  this  method  be  brought  into 
unison,  or  have  one  of  the  above  mentioned  intervals  estab- 
lished between  them.  A  preferable  mode,  however,  is  to 
study  them  in  connection  with  the  monochord  and  a  tuning- 
fork.  The  entire  string  of  the  monochord  is  first  brought  into 
unison  with  a  tuning-fork,  or  some  definite  interval  established; 
the  cord  and  rod  or  bar  are  then  combined  at  right  angles,  and 
the  bridge  moved  till  unison  is  again  eflected,  when  it  is  possi- 
ble to  cdculate  the  number  of  vibrations  actually  executed  by 
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the  bar  or  plate.  As  an  example,  I  give  the  result  of  two 
rough  experiments,  which  would  have  been  rendered  more 
accurate  by  the  aid  of  an  assistant. 

The  cord,  one  meter  in  length,  was  brought  into  unison  with 
an  Ut ,  fork,  and  hence  executed  64  double  vibrations  per  sec- 
ond. It  was  afterward  combined  with  a  plate  of  glass  880 
millimeters  long  and  supported  at  the  two  nodes.  Five  deter- 
minations with  the  bridge  were  made,  and  after  bringing  the 
cord  a  second  time  into  unison  with  the  fork,  repeated. 


847- 

843- 

846*0 

846-5 

847-7 

846-0 

847-1 

846-7 

847-7 

843- 

847-28  845-02 

The  result  then  in  the  first  case  was  75*535,  in  the  second 
75 "788  vibrations  per  second. 

An  experiment  with  another  piece  of  glass  cut  from  the 
same  plate  and  of  nearly  the  same  length  gave,  with  two  deter- 
minations, 77-811  and  77-717  vibrations  per  second. 

Vibrations  of  bells. — If  the  fine  wire  is  attached  to  one  side  of 
a  bell,  the  number  of  vibrations  executed  by  the  bell  can 
readily  be  obtained  with  the  monochord  in  the  manner  already 
indicated.  A  bell-glass  was  set  in  vibration  by  a  bow,  and 
combined  with  a  string  one  meter  in  length,  which  was  an 
octave  lower  than  a  Sol^  fork,  and  hence  made  96  double  vibra- 
tions per  second.  The  bridge  was  adjusted  till  the  string  was 
an  octave  lower  than  the  bell-glass  when  sounding  its  funda- 
mental note.     The  results  are  given  below : 


802- 

803- 

802-7 

803-6 

804-5 

804- 

804-2 

801-7 

803-5 

802-2 

803-38  802-88 

The  number  of  vibrations  obtained  in  first  case  then  was 
288-99,  in  the  second  289*14,  with  a  difference  of  -15  of  a  single 
vibration. 

In  experiments  of  this  kind  it  is  plain  that  the  accuracy 
attainable  depends  to  a  great  extent  on  the  time  during  which 
the  vibration  of  the  two  bodies  can  be  maintained ;  still  it  is 
not  admissible  to  maintain  the  cord  in  vibration  by  the  help  of 
the  botJOj  as  the  slightest  variation  in  the  pressure  causes  the 
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figure  at  once  to  change.  On  the  other  hand,  the  bow  is  useM 
in  bringing  a  short  string  into  unison  with  a  fork,  &&,  merely 
for  the  purpose  of  assuring  the  experimenter  that  the  figure 
actually  to  be  used,  and  furnished  bj  a  greaier  length  of  the 
string,  is  really  that  of  the  lower  octave,  twelfth  or  double 
octave.  In  the  experiments  with  the  monochord  the  string  was 
simply  drawn  aside  with  the  feather-end  of  a  quill,  and  then 
left  to  itself  If  this  and  the  vibration  of  the  plate,  &a,  be 
effected  by  the  aid  of  an  assistant,  the  time  for  ooservation  at 
the  telescope  is  increased  and  more  accurate  results  than  those 
above  given  can  be  obtained.  The  changes  in  the  plane  of 
vibration  of  the  string  are  hardly  a  source  of  embarrassment 
when  the  unison  or  octave  figures  are  emploved,  but  become  so 
with  the  others  which  are  more  complicatea,  in  the  case  where 
it  is  desired  to  count  the  changes  occurring  in  the  figure  during 
a  certain  number  of  seconds. 

Vibrating  membranes  I  find  can  readily  be  studied  in  this 
way  by  attaching  to  them  a  small  piece  of  fine  wire  bent  with 
two  right  angles,  and  using  them  in  connection  with  the  mono- 
chord  or  a  tuning-fork. 

Finally,  I  may  add  that  the  more  important  of  these  figures 
may  easily  be  rendered  visible  to  a  large  audienca  Wires 
about  a  millimeter  thick  are  attached  to  two  tuning-forks 
placed  in  front  of  a  magic  lantern ;  an  image  is  formed  on  the 
screen  with  the  aid  of  a  lens  of  about  eighty  millimeters  focal 
length  ;  the  figures  are  then  well  shown,  along  with  certain  of 
their  details  not  particularly  mentioned  in  this  article. 

New  York,  May  2l8t,  1874. 
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Almost  every  collection  of  acoustical  apparatus  includes 
one  of  Leon  Scott's  phonautographs,  but  I  think  I  am  right  in 
saying  that  very  little  use  is  ever  made  of  them,  other  than  for 
their  explanation.  The  curves  being  drawn  upon  blackened 
paper  cannot  be  projected,  and  in  most  cases  they  are  of  so 
small  an  amplitude  that  they  require  very  close  inspection  for 
their  analysis.  As  was  found  at  the  time  of  its  invention,  the 
great  difficulty  lies  in  the  fact  that  the  principal  motion  of  the 
style  is  a  longitudinal  one  instead  of  a  lateral  ona  All  these 
objections  are  obviated,  and  the  instrument  rendered  extremely 
useful,  by  the  following  simple  device,  which  may  be  readilv 
applied  to  any  one  of  them.  Instead  of  attaching  the  style  di- 
rectly to  the  membrane,  it  is  attached  to  the  end  of  the  long 
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lever.  This  may  be  of  any  length  (the  one  used  was  about 
twelve  inches)  ana  is  made  very  slender  and  light,  either  of  deal 
or  of  a  stiflF  straw.  This  is  attached  at  the  end  to  the  brass  ring 
which  holds  the  membrane  by  a  simple  hinge  of  goldbeater's 
skin,  and  also  to  the  membrane  itself  by  a  short,  flexible 
bristle,  or  piece  of  broom-corn.  This  is  inserted  into  the  lever, 
and  is  fixcKl  with  a  drop  of  glue ;  the  other  end  is  fixed  to  the 
membrane  as  the  style  usually  is,  either  by  a  drop  of  glue,  or 
sealing  wax,  the  former  being  preferable.  Now  it  is  evident 
that  tne  former  longitudinal  motion  of  the  style  will  impart  a 
lateral  motion  to  the  lever,  and  thus  to  the  style  at  the  free  end 
of  it;  and  also  that  this  motion  will  be  greatly  magnified. 
The  curve  can  now  be  drawn  upon  a  plate  of  smoked  glass,  as 
in  the  well  known  experiments  with  tuning  forks,  the  plate  be- 
ing drawn  under  the  style  in  the  direction  of  the  lengtn  of  the 
lever.  The  whole  attachment  can  readily  be  made  so  light  as 
to  encumber  the  membrane  but  very  little. 

The   following  curves   will   serve   to   show  the  advantage 
gained   over  the  usual  attachment,  as  well  as  to  suggest  the 

1.   r^\/\f\r'^s^,/^y^Y^V^\r^^^^^^ 


2. 


3. 

numerous  uses  to  which  the  instrument  can  be  put  The  first 
one  is  the  toungue  trill,  or  the  German  r  prolonged  ;  the  sec- 
ond is  the  result  of  a  note  upon  the  trombone ;  and  the  third 
is  the  oo  in  mood.  The  fact  tnat  a  difference  in  the  intensity  of 
the  sound  shows  itself  so  very  plainly  in  the  curves  (2),  seems 
to  suggest  something  in  the  way  of  quantitative  work  in  that 
direction,  but  it  is  yet  a  question  as  to  the  delicacy  of  the  instru- 
ment. 

In  each  of  the  cases  above,  the  sound  was  made  in  front  of 
the  parabolic  condenser,  but  at  some  little  distance  from  it — 
two  or  three  feet 

Mass.  Inflt  Technology,  Boston,  Maj  24,  1874. 
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SCIENTIFIC    INTELLIGENCE. 

I.  Chemistby  and  Physics. 

1.  77ie  schccUied  Antimony  blue. — A  year  or  more  ago,  a  new 
coloring  matter  was  introduced  into  commerce  under  the  above 
name,  prepared  by  precipitating  a  solution  of  antimony  in  aqua 
regia  oy  ]>otaBHium  ferrocyanide.  Inasmuch  as  this  re-aeent  is 
commonly  used  by  chemists  to  detect  the  presence  of  iron  in  anti* 
mony,  it  is  obvious  that  the  blue  compound  is  not  ordinarily 
thrown  down  by  it  in  solutions  of  this  metal.  Kkacss  has  there- 
fore investigated  the  conditions  of  its  production.  He  finds  tbtt 
on  boiling  a  solution  of  tartar-emetic  in  concentrated  hydrochloric 
acid,  to  whicli  some  ferrocyanide  of  potassium  is  added,  the  same 
blue  substance  is  produceu.  On  analysis  no  antimony  could  be 
detected  in  it.  Helicvin^  therefore,  that  the  antimony  was  in  no 
wise  essential,  Krauss  boiled  the  ferrocyanide  in  concentrated  hj- 
droeliloric  acid  alone,  and  obtained  the  blue  compound.  In 
iurther  proof  of  this  assumption,  he  found  that  the  antimony  conld 
be  satistactorily  rej>laced  by  mercury.  The  use  of  antimony  accel- 
erates the  formation  of  the  precipitate.  The  blue  substam*e  b  solu- 
ble in  hvdrochloric  acid  and  is  decomposed  by  it  on  boiling,  pro- 
ducing terric  cliloride.  Water  gradually  restores  the  color.  It  is 
not  soluble  in  water,  is  at  once  decomposed  by  caustic  alkalies,  and 
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2.  On  the  Alloys  of  itydrogenium  with  PaUadixitny  Potastium 
and  Sodium. —  TiioowT  tim\  nAUTKFKi'n.LK  have  sought  to  deter 
mine  whether  palladium-hvdrogenium  is  a  mechanical  or  a  cbemi- 
<\al  combination,  by  studying  the  tension  of  the  hydrogen  evolved 
from  it  at  various  temperatures.  Chemical  compounds  having  a 
gase(»us  constituent,  suifer,  as  is  well  known,  a  partial  decomposi- 
tion un<ler  the  influence  of  heat,  the  tension  of  the  gas  evolyed  !«- 
ing  invariable  for  each  temperature,  and  having  no  relation  to  the 
anioimt  of  tlie  undecomp)sed  product ;  while  on  the  other  hand, 
solutions  of  gases  in  solids,  as  nydrogcn  in  platinum  black,  for  ex- 
ample, beinir  mechanical  mixtures,  evolve,  when  heated,  a  gas 
wliose  tension,  at  tlie  same  temperature,  is  variable,  being  depend- 
ent on  the  degrc»e  of  saturation  of  the  absorbing  substance.  Pal- 
ladium, charged  with  livdrogen  electrolytically,*  was  placed  in  a 
tube  of  glass,  connoetiMf  at  one  end  wdth  a  manometer,  and  at  the 
other  with  a  Sprengel  ])uinp.  Operating  at  the  temperature  of 
100°  C,  with  palladium  charged  in  different  degrees,  the  results 
show :  1st,  that  wlien  the  volume  of  the  absolved  hydrogen  is 

*  Since  palladium  thus  saturated  loses  hydrogen  at  the  ordinarj  temperatore. 
and  since  on  exposure  to  the  air,  it  heats,  from  the  oxidation  of  this  gas,  the 
authors  adopted  the  plan  of  placing  it  at  once  in  water  free  from  air,  and  heatiBg 
this  to  boiling,  the  gas  evolved  being  measured.    It  was  then  treated  aa  abore. 
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above  600  times  that  of  the  palladium,  the  tension  decreases  very 
rapidly  with  the  decrease  in  the  amount  of  hydrogen,  a  fact  char- 
acteristic of  a  simple  solution.  2d,  that  the  tension  becomes  con- 
stant, the  proof  of  chemical  union,  so  soon  as  the  volume  of  hydro- 
gen reaches  600  times  that  of  the  palladium ;  a  volume  which  cor- 
responds to  one-half  an  atom  of  hydrogen  to  an  atom  of  palladium. 
From  this  limit,  palladium-hydrogenium  behaves  like  a  definite 
compound,  capable  of  true  dissociation,  the  gaseous  tension  hence- 
forth depending  alone  on  the  temperature.  The  authors  have 
prepared  a  table  of  the  tensions  of  dissociation  at  different 
temperatures,  from  which  it  appears  that  the  compound  Pd2H 
evolves  no  ^as  at  ordinary  temperatures  and  that  at  130^-140'', 
its  tension  is  equal  to  the  atmospheric  pressure ;  hence  the  com- 
pound cannot  be  formed  at  temperatures  superior  to  this,  except 
under  pressure.  Moreover,  the  authors  have  proved  that  Pd^H  is 
capable  of  dissolving  hydrogen,  the  quantity  depending  on  its 
physical  state. 

In  a  second  paper,  Troost  and  Hautefeuille  give  the  results  of 
their  investigations  upon  the  definite  compounds  which  potassium 
and  sodium  form  with  hydrogen.  The  potassium  was  placed  in 
an  iron  boat,  in  a  glass  tube  connectinof  by  a  T  piece  with  a  mano- 
meter on  one  side  and  a  three-way  cock  on  the  other,  by  means 
of  which  the  tube  could  be  exhausted,  or  filled  with  pure  and  dry 
faydfogen.  This  tube  could  be  heated  to  any  desired  tempera- 
ture and  kept  there  for  any  length  of  time.  The  authors  found 
that  no  absorption  took  place  when  the  potassium  was  melted,  nor 
below  200*;  at  290**,  2*6  grams  required  260  hours  for  saturation ; 
while  at  350°  to  400°,  the  absorption  goes  on  much  more  rapidly. 
Potassium-hydrogenium  thus  prepared,  is  a  brittle  substance,  hav- 
ing the  crystalline  grain  and  the  luster  of  silver  amalgam,  aTid  ap- 
pearing like  a  true  alloy.  It  may  be  fused  in  hydrogen  or  in  a 
vacuum  without  change.  In  the  air  it  inflames  spontaneously.  At 
200^  in  a  vacuum  it  begins  to  dissociate,  the  tensions  being  meas 
arable  between  330*  and  430®,  and  increasing  very  rapidly  with 
the  temperature  above  370°,  becoming  760  mm.  at  411°.  Hence 
h  cannot  be  formed  at  this  temperature,  except  under  pressure. 
The  best  temperature  for  its  formation  is  300°.  It  dissolves  hy- 
drogen, the  quantity  varying  with  the  temperature  and  pressure  ; 
at  300**  and  760  mm.  it  dissolves  40  volumes  of  this  gas.  On  ex- 
pelling the  excess  of  gas,  a  point  determined  by  the  agreement  of 
the  tension  of  the  hydrogen  with  its  dissociation-tension  for  that 
temperature,  the  compound  gave  on  analysis  126  volumes  of  hydro- 
gen to  one  of  potassium,  the  formula  Kgll  requiring  1 24-6.  Sodium 
absorbs  hydrogen  actively  between  300°  and  421°,  the  tension  at 
this  latter  point  being  760  mm.  At  ordinary  temperatures  so- 
dinm-hydrogenium  is  soft,  but  becomes  brittle  and  crystalline  just 
before  fusion,  so  that  it  may  be  pulverized.  It  has  the  luster  of 
silver,  is  a  little  more  fusible  than  sodium,  loses  no  hydrogen  on 
fusion  and  is  only  slowly  alterable  in  the  air.  Its  density  taken  in 
naphtha  is  0*959,  that  of  sodium  being  0*970.    Its  dissociation 
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follows  the  same  laws  as  the  potassium  oompound^  the  tensions 
being  a  little  less  for  the  same  temperatnrea.  It  absorbs  3  or  4 
volumes  of  hydrogen  at  400°  and  760  mm.  Analysis  gave  237 
volumes  of  hydrogen ;  Na^H  requires  288.  Lithiaoi,  heated  to 
500°  in  hydrogen  under  760  mm.,  absorbs  17  times  its  volume  of 
this  gas.     Thallium,  under  similar  conditions,  only  three  times. 

In  a  third  paper,  Troost  and  Hautefeuille  give  the  results  of 
their  determination  of  the  density  of  this  solidified  hydrogen.  Re- 
garding, with  Graham,  these  compounds  as  alloys  of  metallic 
hvdro^en,  and  assuming  that  they,  like  the  alloys  examined  by 
Matthiessen,  are  formed  without  condensation,  it  is  easy  to  calca* 
late  the  density  of  the  hydrogen  as  contained  in  them.  Graham's 
number  0*733,  for  the  density  of  hydrogenium,  is  too  high,  since, 
as  we  have  seen,  he  operated  on  a  substance  which  disen- 
gaged hydrogen  at  ordinary  temperatures  and  was  not  a  definite 
compound.  The  authors,  taking  their  compounds  Pd2H  and 
Na^H,  determined  accurately  their  densities.  The  density  of  the 
former  they  found  to  be  11  "06,  that  of  the  palladium  being  12. 
From  these  data,  the  density  of  hydrogenium,  as  calculate,  is 
0*62.  The  density  of  the  Na^H  is  0-969,  that  of  the  sodium  be- 
ing 0*970.  This  gives  0*630  as  the  density  of  hydrogenium,  a 
remarkably  close  accordance.  The  mean  is  0*625,  a  density  but  a 
little  sui>erior  to  that  of  lithium.  The  atomic  volume  of  hydro- 
genium, as  deduced  from  the  above  data,  is  the  smallest  ksDwn, 
being  1*6.— C.  i?.,  Ixxviii,  686,  807,  968,  March,  April,  1874. 

G.    F.    & 

3.  On  a  Lactic  acid  of  the  AUyl  series, — In  the  hope  of  reducing 
trichlor-lactic  acid — obtained  by  heating  chloral-cyan-hydrate  with 
hydrochloric  acid — to  monochlor-lactic  acid,  and  of  effecting  in 
this  way  the  synthesis  of  glyceric  acid.  Pinner  treated  it  first  with 
zinc-dust  and  water,  and  subsequently  with  zinc  and  dilute  hv- 
drochloric  acid.  But  the  difficulty  of  separating  the  products 
from  the  large  quantity  of  zinc  chloride  formed,  rendered  this 
method  unfruitful.  The  acid  was  then  converted  into  its  ethyl- 
ether  and  this,  treated  with  zinc  and  hydrochloric  acid,  acquired 
soon  a  peculiar  odor  and  became  converted  into  a  volatile  oil, 
which  upon  fractioning,  boiled  constantly  at  146**— 146°.  Analysis 
showed  that  it  was  not  monochlor-lactic  acid,  but  that  it  was  ethyl 
monochloracrylate ;  not  only  the  two  chlorine  atoms  being  re- 
placed by  hydrogen  but  a  molecule  of  water  abstracted  in  addi- 
tion, thus : 

CH2Cl.CIIOH.COOC2H5-H20=CnCh:=CH-.-COOCgHs. 

Ethyl  monochloracrylate  is  a  mobile  colorless  liquid,  boiling  at 
146**,  having  the  odor  of  the  allyl  series,  and  irritating  the  mucous 
surfaces.  Boiled  with  barium  hydrate,  it  dissolves  gradually,  ex- 
changing its  chlorine  for  hydroxy!,  and  yielding  the  well-ciystal- 
lized  barium  salt  of  a  new  lactic  acid  which  Pinner  calls  acryl- 
lactic  acid,  and  which  has  the  formula  CgH^Oa  (or  CHOH.CH.C 
OOH) ;  thus  differing  from  lactic  acid  by  H,  less.  The  free  acid 
was  prepared  from  the  barium  salt,  but  for  want  of  material  was 
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not  fiilly  examined.  Ethyl  chloracrylate,  treated  with  alcoholic 
ammonia,  gives  rise  to  an  alanin,  crystallized  in  fine  needles.  It 
has  the  formula  CH(NHa)=n:CH-.-COOH,  and  differs  from  ordin- 
ary alanin  not  only  hy  having  H,  less,  but  also  by  being  nearer 
to  ethylene-lactic  acid  in  constitution  than  to  ethylidene-lactic 
acid,  from  which  alanin  itself  is  derived. — Ber,  JBerl,  Chem.  Oes,^ 
vii,  260,  March,  1874.  q.  f.  b. 

4.  Occurrence  of  Leudn  in  the  fresh  juice  of  the  Vetch — Both 
leucin  and  tyrosin  stand  in  very  intimate  relations  with  the 
albuminates.  Their  frequent  occurrence  in  the  body,  their  appear- 
ance in  the  urine  in  certain  diseases,  their  rapid  production  m  the 
peptonizing  of  the  albuminates,  all  go  to  show  the  importance  of 
these  relations.  Now,  since  asparaginic  acid  occurs  among  the 
decomposition  products  of  leucin,  and  since  asparagin  appears 
during  the  sprouting  of  the  papilionaceae  and  disappears  later 
while  protein  bodies  are  forming,  it  occurred  to  Gorup  Bbsanez 
to  examine,  for  leucin,  the  juice  of  the  common  vetch,  grown  in 
rich  earth  and  in  the  dark.  This  juice,  freed  from  albuminates  by 
boiling,  was  dialyzed,  the  difiusate  being  evaporated  till  the 
asparagin  crystallized  out.  The  mother  liquor,  on  further  concen- 
tration, deposited  a  granular  substance,  which  formed  crusts  on 
the  surface  of  the  liquid,  and  which  had  all  the  appearance  of 
lencin.  Repeated  recrystallization  from  boiling  alcohol  gave  it 
pure,  in  the  form  of  small  spheres  of  sharp  outline  and  radial 
m  structure.  It  reactions  proved  it  to  be  leucin.  The  author 
believes  with  Dragendorff,  that  the  substance  obtained  by  Reinsch 
from  the  juice  of  Vhenopodium  cUbum^  and  caUed  chenopodin,  is 
really  leucin. 

In  a  second  paper,  Gorup  Resanez  shows  that  this  occurrence  of 
leucin  in  the  juice  of  the  vetch  is  constant.  The  shoots  were 
grown  in  wet  sand  and  in  a  dim  light,  and  were  examined  after 
two  weeks  growth,  when  they  were  12-16  cm.  long — after  three 
weeks  growth,  length  '20-26  cm. — and  after  four  weeks  growth, 
length  about  25  cm.  The  leucin  appeared  to  exist  in  inverse  ratio 
to  the  asparagin.  In  these  experiments  the  juice,  after  separation 
of  the  protein  bodies  by  coagulation,  was  mixed  with  90  per  cent 
alcohol  in  excess,  thus  precipitating,  beside  other  matters,  almost 
all  the  asparagin.  The  filtrate  on  concentration  deposited  first 
asparagin,  then  the  leucin ;  a  sugar-like  substance,  reducing  the 
<5opper  test,  remaining  in  the  mother  liquor.  Since  leucin  cannot 
be  detected  in  the  ripe  seeds  of  the  vetch,  and  legumin,  which 
these  contain,  does  not  exist  in  the  etiolated  sprouts,  the  author 
believes  that  the  leucin  is  an  intermediate  stage  in  the  production 
of  the  albuminate.  Althea  roots  and  the  roots  of  Scorzoiiera  his- 
pan.y  were  examined  for  leucin,  but  without  result. — Ber,  JBerl. 
Chem,  Ges.^  vii,  146,  569,  Feb.,  April,  1874.  g.  f.  b. 

6.  On  Protamine^  a  new  Base  from  the  Spermatozoids  of  the 
Hhine  salmon, — Miksciier  has  examined  the  chemical  character 
of  the  spermatozoids  of  the  Rhine  salmon,  which  at  the  time  of 
maturity,  in  November,  may  be  obtained  pure  in  considerable 
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quantity  either  from  the  milt  itself  or  from  the  glands  secreting  it. 
The  composition  of  these  spermatozoids,  though  peculiar,  is  quan- 
titatively quite  constant,  containing  of  lecithin  7 '6  per  cent,  choles- 
terin  2*2  per  cent,  fat  3*5  per  cent,  albuminates  10'3  per  cent, 
nuclein — the  principal  constituent,  containing  9-6  per  cent  of 
phosphorus — 48*7  per  cent  This  latter  substance,  now  for  the 
nrst  time  obtained  pure,  is  not  free  in  the  sperm ;  it  exists  there  as 
an  insoluble  compound  of  an  organic  base,  protamine.  To  prepare 
this,  the  spermatozoids  are  extracted  with  hot  alcohol  to  remove 
fat,  lecithin,  etc.  The  i-esidue  may  then  be  treated  with  hydro- 
chloric acid  and  precipitated  with  platinic  chloride ;  or  with  nitric 
acid  and  thrown  down  by  mercuric  nitrate.  On  decomposing  the 
precipitate  with  hydrogen  sulphide,  the  hydrochlorate  or  nitrate 
of  the  base  is  obtained.  Both  these  salts  crystallize  with  difficulty 
on  slow  evaporation  in  prisms  probably  rhombic.  They  are 
easily  soluble  in  water,  difficulty  so  in  alcohol,  insoluble  in  ether. 
They  have  a  peculiar  taste,  which  b  astringent,  faintly  sweet  and 
at  the  same  time  bitter.  Evaporated  with  nitric  acid  a  yellow 
spot  is  left,  which  on  adding  sodium  hydrate,  l)ecomes  a  beautiful 
red,  passing  into  violet  on  warming.  The  free  base  reacts  alka- 
line. Analysis  fixes  its  formula  as  091120^502(011).  It  consti- 
tutes 26*8  per  cent  of  the  dry  spermatozoids.  From  the  testicles 
of  a  single  large  salmon  in  October,  20-30  grams  of  ]>rotamine 
may  be  obtained. — Ber.  JBerl.  Chem,  Ges,^  vii,  376,  April,  1874. 

G.  p.  B. 
6.  On  the  Aqueous  lines  in  the  Solar  Spectrum  at  high  aUi- 
tudes. — Cbock-Spinellt  and  Sivkl,  during  their  balloon-ascent  of 
March  22d,  were  furnished  by  Janssen  with  a  small  spectroscope 
for  the  purpose  of  observing  the  solar  spectrum  at  high  altitudes. 
They  ascended  from  Villette  in  a  balloon  of  2800  cubic  meters 
capacity,  at  11*'  34"™  in  the  forenoon,  and  reached  their  highest 

Eomt  at  1^  30'",  the  barometer  standing  at  30  cm.,  indicating  a 
eight  of  7300  meters.  The  temperature,  which  at  starting  was 
13°,  feU  to  -  22°.  The  descent  was  safely  accomplished  at  2^  12". 
The  spectroscopic  observations  were  to  be  directed  specially  to  the 
two  dark  bands  on  either  side  of  the  D  lines,  produced,  as  is  well 
known,  by  the  vapor  of  water.  Janssen  attributed  them  to  ter- 
restrial absorption,  and  hence  maintained  that  they  ought  to  dis- 
appear at  a  high  elevation.  Secchi,  on  the  contrary,  believing 
that  the  aqueous  vapor  producing  the  absorption  existed  on  the 
sun,  argued  that  they  must  persist  at  any  altitude.  The  balloon 
observations  fully  confirmed  Janssen's  view.  At  5500  meters,  the 
band  on  the  right  of  the  D  line  disappeared,  and  at  7000  meters, 
that  on  the  left  become  invisible.  The  lines  E  and  F  were  more 
decided  than  at  the  sea  level.  The  red  of  the  spectrum  became 
darker,  so  that  B  and  C  were  perceived  with  difficulty.  Atmos- 
pheric glare  was  so  much  reduced  that  at  6000  meters,  at  180° 
from  the  sun,  only  the  yellow  of  the  spectrum  could  be  seen  and 
that  without  lines.  The  observations  given  were  made  at  an 
angle  5'  to  7°  from  the  sun.— C.  i2.,  Ixxviii,  946,  April,  1874. 

O.    F.    B. 
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7.  Apparent  Adfiesion.^^TA,  Stefan  designates  by  this  name 
le  phenomenon  that  when  two  plates  are  laid  one  upon  the  other 
ley  cannot  be  again  separated  without  the  expenditure  of  a  force, 
his  phenomenon  has  been  hitherto  conceived  as  conditioned  by 
Ihesion — that  is,  by  the  molecular  forces  between  the  particles  of 
le  two  plates ;  and  experiments  have  been  made  for  tne  purpose 
*  determining  statically  its  amount. 

In  this  phenomenon,  however,  we  have  not  to  do  with  a  static, 
at  with  a  dynamic  problem.  The  experiments  made  by  the  au- 
Lor  showed  that  the  separation  of  the  two  plates  can  be  effected 
^  any  force  whatever ;  only  the  time  in  which  the  distance  of  the 
ates  is  changed  a  measurable  quantity  by  the  action  of  such  a 
rce  IB  the  greater  the  smaller  the  force. 

Simultaneously  with  the  commencement  of  the  action  of  a  separat- 
g  force  the  distance  of  the  plates  commences  also  to  increase ;  vet 
le  motion  is  very  slow,  and  grows  ever  quicker  with  increasmg 
stance.  The  apparent  adhesion  is  much  greater  when  the  plates 
«  under  water  or  another  liquid  instead  of  in  air.  The  distance 
'two  plates  of  155  mm.  diameter,  immersed  in  water,  amounting 
first  to  0*1  mm.,  increases,  in  consequence  of  the  continuous 
ill  of  1  gram,  0*01  mm.  in  1^  minutes,  0*1  mm.  in  7  minutes. 
rom  this  it  is  intelligible  bow,  limiting  the  observation  to  a 
tort  time,  one  may  be  misled  to  the  assumption  of  a  static  cquili- 
-iom.  The  author  measured,  in  his  experiments,  the  times  which 
aipsed  while  a  given  initial  distance  measured  by  a  wire  placed 
ttween  the  plates  increased  by  a  certain  quantity.  Between 
ese  times  and  the  other  quantities,  which  vancd  with  the  experi- 
ents,  the  following  relations  were  found.  The  times  are  in- 
jrsely  proportional  to  the  separating  force ;  they  are  nearly,  but 
>t  exactly,  inversely  proportional  to  the  squares  of  the  initial 
stance ;  for  plates  of  different  sizes,  they  are  to  one  another  as 
le  fourth  powers  of  the  radii  of  the  plates;  for  different  liquids, 
i  the  times  in  which,  under  equal  pressure,  equal  volumes  of  the 
)uid  flow  through  a  capillary  tube. 

From  this  it  evidently  results  that  with  this  phenomenon  the 
lestion  is  a  problem  of  hydrodynamics ;  and  it  is  never  easy,  at 
ast  in  general,  to  describe  it.  When  the  separating  force  begins 
»  act,  the  distance  between  the  plates  receives  an  infinitely  small 
icrement ;  thereby  the  space  limited  b}i  the  plates  is  augmented, 
id  the  fluid  undergoes  a  dilatation,  in  consequence  of  which  the 
^drostatic  pressure  becomes  less.  The  excess  of  pressure  of  the 
cterior  fluid  acts  in  opposition  to  the  separating  force.  Never- 
leless,  equilibrium  does  not  ensue,  because  the  diminution  of  the 
^drostatic  pressure  between  the  plates  has  for  its  result  a  flowing 
I  of  the  exterior  fluid  and  thereby,  again,  a  diminution  of  the 
ifferenee  of  the  pressures.  The  distance  of  the  plates  can  be 
rain  increased  by  the  separating  force,  and  the  same  process  re- 
^ats  itself  in  a  continuous  manner. 

The  author  gives  also  an  approximate  theoretical  solution  of  the 
■oblem,  starting  from  the  following  consideration.     The  vis  viva 
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acquired  by  the  plates  through  the  separating  force  is,  on  account 
of  the  great  slowness  of  the  motion,  vanishingly  small  iu  compa^ 
ison  with  the  work  of  that  force.  This  work  mnst  consequently 
Iiave  its  equivalent  in  another  work ;  it  has  it  in  that  which  is  nee- 
ensary  for  maintaining  the  flow  of  the  liquid  from  the  outside  into 
the  space  included  between  the  plates. 

The  equation  deduced  from  this  assumption  gives  again  all  tbe 
different  laws  to  which  the  experiments  nave  conducted.  It  per- 
mits us  to  derive  from  the  experiments  the  coefficients  of  internal 
friction  for  the  experimental  fluids.  If  the  centimeter  be  chosen 
for  the  unit  of  length,  the  mass  of  one  gram  as  the  unit  of  mass, 
and  the  t^econd  as  time-unit,  it  follows  that  for  water  of  the  tem- 
perature of  19*  C.  this  coeflicient  =  '0108,  for  air  =  -00183,  which 
values  almost  exactly  coincide  with  those  deduced  from  the  exper- 
iments of  Poiseuille,  Maxwell  and  O.  K  Meyer. — Royal  Acad,  of 
Vienna^  April,  1874  ;  Phil,  Mag.^  xlvii,  465.  K  C.  P. 

8.  Bjffect  of  Magnetism  on  an  Electric  disrharge  in  rar^4 
gftses. — MM.  1)k  La  Rive  and  Sarasin  have  in  a  former  memoir 
(Archiv.  dos  Sci.,  xli,  5)  studied  the  action  of  a  magnet  on  a  dis- 
charge |)erpendicular  to  its  axis.  Since  then,  they  have  modified 
the  experiment  as  follows.  The  two  bobbins  of  an  electro-magnet 
were  jAaced  end  to  end,  and  the  Geissler  tul>e  inserted  so  as  to  be 
acted  on  by  only  one  of  the  magnetic  poles.  Two  cylindrical 
tul>08  were  used,  one  containing  hydrogen,  the  other  nitrogen,  at 
a  j>res8ure  of  1  mm.  or  less,  'i  he  induced  current  was  produced 
by  a  large  HuhmkorIF  w)il  and  a  very  small  portion  of  the  current 
directed  through  a  galvanometer  far  enough  from  the  nmgnet  to  be 
uninfluenced  by  it.  Ordinarily,  the  discharge  exhibits  around  the 
negative  electrode  a  beautiful  blue  aureola  extending  to  the  sides 
of  the  tube,  beyond  a  long  dark  interval,  and  thence  to  the  jiosi- 
tive  electrode  streaks  wide  apart.  This  appearance  is  completely 
changed  as  soon  as  the  magnet  is  excited.  When  the  negative 
electrode  is  acted  on  by  the  magnet,  the  negative  aureola,  which 
previously  had  a  diameler  equal  to  that  of  the  tube,  or  32  mm., 
and  length  35  mm.,  is  transformed  into  a  cylinder  of  only  8  or  9 
mm.  in  diameter,  very  luminous,  extending  to  the  positive  elec- 
trode, i)resenting  an  appearance  similar  to  the  narrow  positive  jet 
observed  at  about  8  or  1 0  mm.  pressure. 

The  same  eflect  was  obtained  with  a  large  bell,  in  which  a  cen- 
tral negative  electrode  was  encircled  by  a  j)ositive  ring.  The 
large  8i)herical  aureola  developed  at  low  pressures,  being  re- 
placed by  a  narrow  blue  jet  of  vivid  splendor,  having  sometimes 
the  appearance  of  a  brilliant  blue  flame  escaping  from  the  positive 
electrode. 

The  eflect  of  the  magnet  on  the  resistance  of  the  gas  was  also  very 
marked.  In  the  case  of  hydrogen  the  derived  current  through  the 
galvanometer  was  increased  from  20°  to  40°,  when  the  electro-map- 
net  was  excited  by  25  Bunsen  cells.  The  corresponding  change  in 
the  case  of  nitrogen  was  from  20°  to  30°.  In  another  case,  with  40 
cells,  the  change  was  from  12°  to  55°  for  hydrogen,  and  10°  to  35** 
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for  nitrogen.  When  it  is  the  positive  electrode  that  is  acted  on 
there  is  scarcely  any  appreciable  effect.  But  the  kind  of  magne- 
tism  makes  no  difference. 

When  the  circuit  contains  several  consecutive  Geissler  tubes, 
aU  placed  in  the  same  way,  each  having  its  negative  electrode 
next  the  magnet,  the  effect  upon  the  strength  of  the  current  is  still 
greater.  But  if,  in  addition  to  the  tube  or  tubes  placed  under 
the  action  of  the  magnet,  there  is  one  in  the  circuit  out  of 
this  action,  no  effect  upon  the  intensity  of  its  current  is  pro- 
daced  by  the  magnet,  although  the  modification  which  the  appear- 
ance of  the  discharge  undergoes  in  the  other  tubes  placed  over 
the  magnetic  tube,  remains  the  same.  It  seems,  then,  that  it  is  a 
special  and  peculiarly  intense  resistance,  having  its  seat  at  the 
iflsae  from  the  negative  electrode,  which  is  thus  overcome  by  the 
intervention  of  the  magnet. 

A  final  series  of  experiments  support  this  view,  and  show  that  the 
dimensions  of  the  negative  electrode,  which  notably  influence  the 
dimensions  of  the  aureola  and  the  resistance  to  the  passage  of  the 
electricity,  influence  also  the  augmentation  of  intensity  produced 
by  the  magnet  in  the  case  of  an  axial  discharge.  Working  with 
the  large  bell,  a  very  great  loss  or  almost  no  augmentation  of  in- 
tensity was  obtained  according  as  a  platinum  point  of  wire,  a 
small  ball,  or  a  ball  4  cm.  in  diameter  was  employed  as  a  negative 
electrode. — JBib.  Uhiv.y  1,  41 ;  Phf'l,  Mag.^  xlvii,  46*2.      e.  c.  p. 

9.  Frictional  JElectricity, — M.  L.  Joulin  has  investigated  the 
laws  of  frictional  electricity  with  a  machine  suggested  by  the  elec- 
trical phenomena  often  observed  in  belts  used  for  transmitting 
power.  A  very  great  quantity  of  electricity  is  thus  produced,  ca- 
pable of  giving  long  brushes  and  sparks,  of  deviating  a  galvanom- 
eter needle,  of  decomposing  water,  and  in  Geissler  tubes  of  showing 
the  stratification  of  the  light.  A  new  method  of  measuring  elec- 
tric tension  has  been  employed,  dependent  on  the  greatest  dis- 
tance at  which  a  brush  is  perceptible  on  a  given  sphere  when 
brought  near  the  electrified  body.  The  experiment  was  varied 
by  using  pulleys  of  various  metals  or  non-conductors  and  by 
changing  the  velocity  tension  and  temperature.  In  arranging 
the  resalts  there  seem  to  be  three  causes  influencing  the  produc- 
tion of  electricity.  The  velocity  of  separation  of  the  parts  of  the 
belt  and  pulley,  the  complex  mechanical  action  of  bending  the 
belt,  and  the  temperature  of  the  two  materials. — Ann.  de  Ghim,  et 
de  Phys:^  ii,  p.  5.  k.  c.  p. 

10.  Note  to  Prof,  Cookers  monograph  on  the  Vermicvlites  ;  by 
the  Author. — In  a  note  to  my  monograph  on  the  Vermiculites 
(Proceedings  of  the  American  Academy,  vol.  ix,  and  this  Journal, 
voL  vii,  page  427,)  I  described  incidentally,  certain  phenomena  of 
circular  polarization  obtained  by  superposing  plates  of  muscovite 
mica,  which  have  a  wide  optical  angle.  Quite  recently  my  atten- 
tion has  for  the  first  time  been  called  to  the  fact  that  these  phe- 
nomena had  been  previously  observed  by  E.  Reusch  (Monats- 
berichte  d.  Akad.  Berlin,  July,  1869),  and  1  take  this  early  oppor- 
tunity to  acknowledge  his  priority. 
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The  observatioDB  of  Reusch  do  not  appear  to  have  received  that 
notice  which  their  importance  deserved;  and,  by  exhibiting  the 
same  results  from  a  different  point  of  view,  I  hope  I  have  been 
able  to  bring  them  into  greater  prominence,  and  to  ahow  tbdr 
important  mineralogical  bearing. 

Oambridge,  Julj  1,  1874. 

11.  Willis  Tables  for  Qualitative  Chemicid  AncUyeie,  (2d 
American,  from  the  9th  German  Edition.)  Edited  by  Professor  C. 
F.  HiMKS,  Ph.D.  8vo.  Philadelphia,  1874.  (H.  Carey  Bairf.)— 
All  chemists  are  familiar  with  Will's  Tables,  which  have  introduced 
multitudes  into  the  mysteries  of  chemical  analysis.  Professor 
Himes  has  added  to  this  edition  two  new  tables  of  his  own,  embody- 
ing Hunsen's  valuable  flame  reactions.  He  has  also  made  valuable 
additions  to  the  opening  chapter  on  the  "  Course  of  Qualitative 
Analysis,"  and  inserted  a  new  cha})ter  (the  last)  on  the  "Detection 
of  Metallic  Oxides." 

ri.  Milk  Analyses  ;  by  J.  Alfred  Wanklyx,  M.R,C.S.,  4c 
New  York  (Van  Nostrand),  1874.  12mo,  pp.  73. — ^This  is  a 
practical  treatise  on  the  examination  of  milk  and  its  derivatives, 
cream,  butter  and  cheese,  giving  simple  and  exact  methods  of  anal- 
ysis, together  with  the  results  of  the  author's  own  researches  m 
1871,  especially  into  the  milk  and  butter  supplied  to  the  London 
metropolitan  work-houses  and  hospitals,  it  is  a  valuable  and 
timely  contribution  to  an  important  department  of  sanitary  science 
The  author  has  greatly  simplifled  and  improved  the  methods  d 
milk  analysis. 

1 3.  Bunsen'^s  Flame  lleactions,  pp.  80, 8vo.  Also  translated  by 
Professor  Himes,  and  published  by  Mr.  Baird,  form  a  proper  sup- 
plement to  Will's  Tables. — This  translation  of  Bansen's  Memoir 
was  originally  published  in  the  Journal  of  the  Franklin  Institute 
in  1808.^ 

11.   Geology  and  Natural  History. 

1.  Addition  to  the  Paper ^  *'  Volcanic  Energy :  an  attempt io 
develop  its  tnie  Origin  and  Cosinical  Relations  /  ''*  by  Robkbt 
]\1allkt.  (Abstract.) — Keferring  to  his  original  paper  (PbiL 
Trans.,  1873),  the  author  remarks  here  that,  upon  the  basis  of  the 
heat  annually  dissipated  from  our  globe  being  equal  to  that 
evolved  by  the  melting  of  777  cubic  miles  of  ice  at  zero  to  water 
at  the  same  temperature,  and  of  the  experimental  data  contained 
in  his  j)aj>er,  he  had  demonstrated,  in  terms  of  mean  crushed  rock, 
the  annual  supply  of  heat  derivable  from  the  transformation  of  the 
mechanical  work  of  contraction  available  for  volcanic  energy,  and 
had  also  estimated  the  proportion  of  that  amount  of  heat  necessary 
to  sup]>ort  the  aimual  vulcanicity  now  active  on  our  globe;  bnt, 
from  the  want  of  necessary  data,  he  had  refrained  from  making 
any  calculation  as  to  what  amount  in  volume  of  the  solid  shell  <m 
our  earth  must  be  crushed  annually,  in  order  to  admit  of  the  shell 

*  Read  June  20,  1872 ;  PhiL  Trans,  for  1873,  p.  147, 
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following  down  after  the  more  rapidly  contracting  nucleus.  This 
calculation  he  now  makes  upon  the  hasis  of  certain  allowable  sup- 
positions, where  the  want  of  data  requires  such  to  be  made,  and 
for  assumed  thicknesses  of  solid  shell  of  100,  200,  400,  and  800 
miles  respectively. 

From  the  curve  of  total  contraction  (plate  x,  Phil.  Trans.,  part 
i,  1873)  obtained  by  his  experiments  on  the  contraction  of  slags, 
he  has  now  deduced  partial  mean-coefficients  of  contraction  for  a 
reduction  in  temperature  of  V  Fahr.,  for  intervals  generally  of 
about  bOQ^  for  the  entire  scale,  between  a  temperature  somewhat 
exceeding  that  of  the  blast-furnace  and  that  of  the  atmosphere,  or 
53**  Fahr.  And  applying  the  higher  of  these  coefficients  to  the 
data  of  his  former  paper,  and  to  the  suppositions  of  the  present, 
he  has  obtained  the  absolute  contraction  in  volume  of  the  nuclei 
appertaining  to  the  respective  thicknesses  of  solid  shell  above 
stated.  In  order  that  the  shell  may  follow  down  and  remain  in 
(xmtact  with  the  contracted  nucleus,  either  its  thickness  must  be 
increased,  its  volume  remaining  constant,  or  the  thickness  being 
constant,  a  portion  of  the  volume  must  be  extruded.  The  former 
lopposition  is  not  admissible,  as  the  epoch  of  mountain-building 
has  apparentlv  ceased ;  adopting  the  second,  the  author  calculates 
the  volume  of  matter  that  must  be  crushed  and  extruded  from  the 
shell  in  order  that  it  may  remain  in  contact  with  the  nucleus.  He 
tabulates  these  results  for  the  four  assumed  thicknesses  of  shell, 
and  shows  that  the  amount  of  crushed  and  extruded  rock  necessary 
for  the  heat  for  the  support  of  existing  volcanic  action  is  supplied 
by  that  extruded  from  the  shell  of  between  600  and  800  miles 
thickness,  and  that  the  volume  of  material,  heated  or  molten, 
annually  blown  out  from  all  existing  volcanic  cones,  as  estimated 
in  his  former  paper,  could  be  supplied  by  the  extruded  matter 
from  a  shell  of  between  200  and  400  miles  m  thickness. 

On  data  which  seem  tolerably  reliable  the  author  has  further 
been  enabled  to  calculate,  as  he  believes  for  the  first  time,  the 
actoal  amount  of  annual  contraction  of  our  globe,  and  to  show 
that  if  that  be  assiuned  constant  for  the  last  5000  yeai*s,  it  would 
amount  to  a  little  more  than  a  reduction  of  about  3*5  inches  on 
the  earth^s  mean  radius.  This  quantity,  mighty  as  are  the  effects 
it  produces  as  the  efficient  cause  of  volcanic  action,  is  thus  shown 
to  oe  so  small  as  to  elude  all  direct  astronomical  observation,  and, 
when  viewed  in  reference  to  the  increase  of  density  due  to 
refrigeration  of  the  material  of  the  shell,  to  be  incapable  of  pro- 
ducing, during  the  last  2000  years,  any  sensible  effect  upon  the 
len^h  of  the  day.  The  author  draws  various  other  conclusions, 
showing  the  support  given  by  the  principal  results  of  this  entirely 
independent  investigation  to  the  verisimilitude  of  the  views  con- 
tained in  his  previous  memoir. — Pro,  Roy,  Soc,^  No.  152,  ]8'74. 

2.  Metamorphic  products  from  the  burning  of  coal-beds  of  the 
lAgnitic  Tertiary  in  Dakota  and  Montana, — In  this  paper,  pub- 
lished in  the  Proceedings  of  the  Boston  Society  of  Natural  History, 
Jan.,  1874  (voL  xvi),  Sir.  J.  A.  Allen  describes  metamorphosed 
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beds  of  clays  and  saDds,  accompanied  by  pnmioeoiu  and  lava-tike 
materials,  looking  like  true  volcanic  products,  occurring  Car  from 
any  volcanic  region  and  due  solely  to  the  burning  out  of  beds  of 
brown  coal  The  thickness  of  the  altered  beds  amounts  in  places 
to  thirty  or  even  fifty  feet,  but  seldom  exceeds  eight  to  twelve 
feet.  Generally  the  overlying  clays  and  sands  have  been  merely 
hardened  and  changed  in  color;  but  in  some  places,  where  the 
coal  bed  was  thick,  the  deposit  in  immediate  contact  has  been 
more  or  less  fused,  and  has  received  occasionally  a  vitreous  por- 
cellanic  or  vesicular  structure,  and  even  the  scoriaceous  and 
pumice-like  aspect  of  volcanic  products.  The  lowermost  of  the 
burnt  series  consists  of  cinders  and  clinkers  much  like  the  residu- 
um left  in  coal  grates  from  the  combustion  of  ordinary  mineral 
coal. 

The  region  of  the  Bad  Lands,  on  the  Little  Missouri,  is  one  of  the 
largest  areas  of  this  Lignitic  metamor]>hism,  it  covering  a  breadth 
of  twenty  to  thirty  miles  for  200  miles  in  length ;  all  the  ridges 
and  buttes  are  capped  or  bounded  with  the  reddened  and  indu- 
rated shales.  Other  such  areas  occur  along  the  Yellowstone  near 
the  mouth  of  Powder  River,  and  along  Powder  River,  and  also  on 
the  Rosebud  and  Tongue  Rivers.  They  were  found  by  Dr.  Hay- 
den  on  the  sources  of  Tongue  River,  within  a  few  miles  of  the  Big 
Horn  Mountains  and  on  those  of  North  Fork  of  the  Shyenne 
River  and  elsewhere  ;  and  by  Dr.  Hines  as  far  south  as  the  ^foot 
slopes"  of  the  same  range  on  the  Crazy  Woman's  Fork  of  Powder 
River.  Nicollet  long  since  described,  but  from  report,  the  pseHdO' 
volca?f<>€Sy  or  smoking  hills  of  the  west,  which  were  made,  evidently, 
from  the  burning  of  the  subjacent  coal  beds,  and  he  attributes  the 
lire  to  tlie  action  of  decomposing  pyrites  on  lignites  and  other 
material  of  a  combustible  nature. 

31  r.  Allen  states  that  the  landscape  is  variously  affected  by  the 
metamorphiam  The  baked  rocks,  oesides  giving  their  red  tints 
to  the  country,  arrest  or  greatly  retard  the  erosion  of  the  buttes 
and  ridges  consisting  of  them.  Over  areas  of  thousands  of  square 
miles  they  thus  in  great  measure  determine  the  surface  <7ontoiirs 
and  protect  the  hills  from  rapid  denudation.  Fragments  of  pnm- 
ice  have  been  found  on  the  Missouri  as  far  south  as  Port  Pierre, 
and  the  early  explores  supposed  them  to  be  the  products  of  un- 
known volcanoes,  high  up  ni  the  mountains. 

3.  Lignitic  form  ntionjt  north  of  the  parallel  o/49^. — Mr.  6.  M. 
Dawson,  in  the  last  number  of  the  Canadian  Naturalist,  and  also 
in  a  report  to  the  British  North  American  Boundary  Commission 
(Montreal,  1874),  gives  an  account  of  his  own  and  others  observa- 
tions on  the  region  north  of  the  parallel  of  49°  and  west  of  the  Red 
River.  The  boundary  line  strikes  the  Lignitic  Tertiary  about 
250  miles  west  of  Red  River,  in  the  valley  of  the  Souris  River. 
Few  distinct  plants  were  found  in  this  region,  but  there  were 
shells  representing  two  species  of  JPaludina  or  Vivipants,  at  least 
two  of  Melania^ona  Corhula^  and  others  resembling  those  described 
by  Meek  from  the  Lignitic  beds  i'arther  south.     The  coal  is  stated 
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o  be  of  excellent  quality.  Scoria  and  clinkers  from  the  burning 
f  the  beds  in  place  are  stated  to  be  abundant ;  but  Mr.  Dawson 
lays  that  pyrites  cannot  have  been  the  source  of  the  combustion, 
ince  it  is  of  rare  occurrence  in  the  coal.  To  the  west  the  beds 
»ccur  on  the  upper  parts  of  the  northwestern  tributaries  of  the 
Hissouri,  345  nules  west  of  Red  River  and  beyond ;  at  400  miles 
rom  Ued  River,  near  Porcupine  Creek,  there  are  many  plants 
a  the  beds,  as  leaves  of  TAi{/a,  Sequoia^  TaxuSy  Paptdus,  Salix^ 
Ul/ntis^  PkUanuSy  etc. ;  also  the  fern,  Onoclea  aensibUiSy  which  is 
rery  abundant  The  best  of  the  brown  coal  afforded  Mr.  Dawson 
12  to  47^  per  cent  of  fixed  carbon,  12  to  17  per  cent  of  water,  32 
JO  40  per  cent  of  volatile  matter,  and  2}  to  5  per  cent  of  ash. 
^one  of  those  examined  afforded  a  coherent  coke. 

In  a  following  paper,  Mr.  Dawson  shows  that  the  Cretaceous  at 
^nitoba  contains  numerous  foraminifers,  and  the  species  resem- 
>le  much  those  of  the  English  chalk.  Both  abound  in  forms  allied 
;o  Textolaria  and  Rotalia.  Various  forms  of  coccoliths  were  found 
D  the  same  rocks. 

4.  Marine  Champlain  D^osits  on  lands  north  of  Lake 
St^fferior, — Dr.  Dawson,  in  his  annual  address  before  the  Natural 
iistory  Society  of  Montreal,  May  18th,  says  that  Prof  Bell,  in  the 
ieport  of  the  Canadian  Geological  Survey  for  1870-71,  states  the 
Kxmrrence  of  manne  shells,  similar  to  those  of  the  Champlain 
leposits  in  the  vicinity  of  Montreal,  at  a  height  of  «547  feet  above 
he  sea.  Dr.  Dawson  also  remarks  that  in  the  hills  behind  Mur- 
ay  Bay  and  Les  Eboulements,  he  has  observed  these  shells  at  a 
leight  of  at  least  600  feet ;  and  also  that  Mr.  Kennedy  has  re- 
ently  found  marine  shell  deposits  of  the  same  era  on  Montreal 
(fountain,  at  a  height  of  534  feet  above  the  sea. 

6.  Climate  of  the  Champlain  Period, — In  the  address  referred 
o  in  the  preceding  article,  Dr.  Dawson  repeats  his  conclusion 
hat  the  climate  of  the  period  when  the  land  stood  below  the 
^resent  level— "that  which  immediately  preceded  our  own  modem 
,ge'' — was  cold.  The  evidence  to  which  he  appeals  proves  the 
txistence  of  a  cold  climate  as  regards  the  waters,  that  is,  of  cold 
torrents  on  the  coast,  but  no  facts  are  mentioned  which  tell  any- 
hing  with  regard  to  the  climate  over  the  land. 

6.  Phssil  Cockroaches  from  the  Carhoniferoua  of  Cape  Breton, 
Canadian  Naturalist,  vol.  vii.  No.  6.) — Mr.  Scudder  here  de- 
cribes  two  new  species  from  two  wings  discovered  by  R.  Brown, 
Csq.  He  names  them  Platthta  Bretonerisis  and  B,  Heeri,  The 
pecimens  are  on  dark  shale,  and  are  associated  with  leaves  of 
^henophyUum  and  ferns. 

7.  FosM  Elephant  and  Mastodon  in  Calif onna, — According 
o  a  letter  from  Dr.  L.  G.  Yates,  of  Centreville,  Alameda  Coimty, 
California,  read  by  Dr.  Leidy  before  the  Academy  of  Natural 
kdences  of  Philadelphia,  (and  published  in  the  Proceedings  for 
874,  pp.  18-26),  remains  of  Elephants^have  been  found  in  Alameda, 
/alaveras,  Los  Angelos,  Placer  and  Solano  Counties;  and  the 
lastodon   in  Alameda,  Amador,  Calaveras,  Contra  Costa,   El 
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Dorado,  Mendocino,  Placer,  Santa  Barbara,  Stanislaus,  SoIado, 
Sonoma  and  Tuolumne  Counties.  The  special  localities  in  each 
county  are  mentioned  in  the  letter ;  and  Dr.  Yates  adds  that  the 
majority  of  them  he  has  himself  yisited.  He  obserres,  that  although 
he  has  looked  for  human  remains  or  relics  in  the  same  beds,  he  has 
failed  to  discoyer  any.  He  once  found  a  human  skull  appareotly 
in  the  same  formation  which  had  afforded  elephant  and  mastodon 
remains ;  but  he  afterward  discovered  the  boay  to  which  the  head 
belonged,  about  eighteen  inches  l)elow  the  surface,  in  the  bank 
aboye  where  there  had  been  an  old  Indian  burial  ground. 

8.  Bulletin  of  the  Cornell  University.  (Science.)  Volume  i, 
number  1  and  2.  64  pp.  8yo,  with  9  plates.  Ithaca,  1874.— 
This  first  scientific  Bulletin,  from  the  Cornell  University,  contnioB 
two  valuable  papers :  one,  a  reconnoissance  of  the  Lower  Tapajos, 
being  a  prelimmary  report  of  the  Morgan  Expedition  to  tiie 
Amazon  in  1870,  1871 ;  ny  Cu.  Fkbd.  Hakit;  the  other,  descrip- 
tions and  figures  of  tlie  Carboniferous  Brachiopoda  of  Itaitnba, 
on  the  Rio  fapajos,  Province  of  Para,  by  O.  A.  Derby.  The 
latter  paper  shows,  as  stated  in  its  conclusions,  that  the  Carbonife^ 
ous  rocks  of  South  America  thus  far  made  knows  by  their  fossils, 
are  true  Carboniferous,  and  not  Subcarboniferous ;  that  of  the  27 
species  described,  12  are  also  North  American  (these  including 
the  common  kinds  Athyris  subtiliUi^  Spirifer  cameratuSj  ChaneUi 
glabra^  Prodnctue  cora  and  others) ;  that  several  Brazilian  and 
North  American  species  are  included  amons  those  described  by 
D'Orbigny  from  Lake  Titicaca  and  YArbichambi,  Bolivia;  and 
among  tliose  from  the  province  of  Arque,  a  degree  or  more  south- 
east of  liake  Titicaca,  by  Col.  Lloyd ;  and  others  from  Cocha- 
bamba  and  Santa  Cruz.  Mr.  Derby's  paper  appears  to  be  worked 
up  with  great  care.    It  is  illustrated  by  nme  photographic  platea 

9.  Jletfioire  jyer  servire  alia  iJe^crizions  della  Carta  Geologica 
cPI((dia. — The  first  volume  of  the  series,  in  illustration  of  the  ge- 
ology and  geological  map  of  Italy,  was  published,  at  Florence,  in 
1871,  and  the  first  part  of  the  second  in  1873.  They  are  quarto 
volumes,  beautiful  in  style  of  execution,  and  admirable  in  the 
maps  and  engravings.  1  he  first  has  already  been  briefly  noticed 
in  this  Journal.  Tlie  second  contains  papers:  on  the  Physical 
geography  of  the  island  of  lachia,  by  Dr.  (J.  W.  C.  Fuchs ;  on  the 
Alpine  chain  of  the  St.  Gothard  to  be  tunneled  for  the  Italico  Hel- 
vetic railway,  by  F.  Giordano ;  on  the  Tertiary  formations  of  the 
Sulphur-bearing  zone  of  Sicily,  by  S.  Mottura;  Malacologia  Plio- 
cenica  Italiana,  by  Dr.  C.  d'Anoona.  Fasc.  II,  genera  x^ieania^ 
liafiella,  Triton^  PascioUiria^  TurhineUii^  CanceUariay  Fusus. 

10.  Note  on  Prof,  J.  Lawrence  Smithes  collection  of  hu 
Memoirs  ;  by  GEouciE  J.  Brush:  addressed  to  the  Editors. — My 
attention  has  been  called  to  a  volume  entitled  "  Mineralogy  and 
Chemistry,  Original  Researches  by  Professor  J.  Lawrence  Smith,^ 
in  which  tliere  appears,  on  p^ge  109,  in  connection  with  an  article 
on  the  "  Uefixamination  of  American  Minerals,"  the  following  foot- 
note :  ''  In  the  first  half  of  this  reexamination  I  was  assisted  by  my 
friend,  George  J.  Brush."    As  this  statement  may  lead  to  misap- 
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prehension  in  regard  to  the  relations  of  Professor  Smith  and  myself 
»n  the  part  of  some  readers,  I  desire  in  this  place  to  give  the  facts. 

The  nrst  throe  papers  on  the  '^Reexamination  of  i^erican  Min- 
ralfl "  were  published  as  a  joint  work  by  Professor  Smith  and 
ayself,  in  volumes  xv  and  xvi  in  the  second  series  of  this  JoumaL 
n  the  volume  of  researches  above  alluded  to,  these  cover  pages 
.09  to  141,  to  the  end  of  the  section  on  pctalite;  and  for  the 
natter  therein  contained  I  simply  claim  to  be  responsible  equally 
rith  Professor  Smith.  This  claim  can  be  easily  substantiated  by 
■eference  to  the  original  papers  in  this  Journal,  and  by  other 
ividence  if  necessary. 

I  have  no  doubt  Professor  Smith  will  be  glad  to  have  this  cor- 
■ection  made,  and  presume  it  was  only  an  accidental  inadvertence 
rhich  led  him  to  publish  the  foot-note  without  further  explanation. 
\  should  not  offer  this  correction  had  I  not  learned  that  Professor 
)mith^8  volume  has  had  a  wide  oirculation,  both  in  this  country 
knd  in  £urope. 

New  Haven,  July  8ih,  1874. 

1 1.  Cuarto  Appendice  al  JReino  Mineral  de  Chile  i  delaa  JRepub- 
ieas  vecinaSy  pvtblicado  en  la.  aegunda  edicion  de  la  Mineralojia^ 
le  Don  Ionagio  Domeyko,  Rector  de  la  Universidad.  58  pp.  8vo. 
iantiago,  Chile.  1874. — This  fourth  appendix  to  the  second  edi- 
ion  of  Domeyko's  Chilian  Mineralogy  contains  notes  on  new  local- 
ties,  with  descriptions  of  various  minerals,  the  most  of  them  me- 
aUie  species.  B  or  a  double  chlorid  of  silver  and  mercury  at  Los 
)ordo8,  in  the  department  of  Copiapo,  the  name  Bordosite  is  given 
»y  Sefior  Bertrand.  Ulexite  and  Hayesite  are  stated  to  have  been 
bund  at  a  locality  on  the  river  Loa  in  littoral  Bolivia,  and  in  Car- 
aen  Alto,  fourteen  leagues  from  Antofagasta,  the  old  localities 
»eiiig  in  the  desert  of  Atacama  in  Peru,  and  at  Ascotan  in  Bolivia. 
n  addition,  Domeyko  now  adds  another  locality  at  Ola,  about 
hirty  leagues  to  the  east  of  the  mines  of  copper  of  Chanaral  de 
as  Animas,  northeast  of  the  range  of  Dona  Ines;  the  place  ap- 
lears  like  a  dried  lake.  The  locality  of  borocalcite  (Hayesite), 
n  the  dry  lake  of  Maricunga,  fifty-nine  miles  to  the  north  of  Pu- 
[oios,  is,  according  to  Fonseca,  of  great  extent,  he  estimating  the 
jnount  at  14,000,000  tons.  A  memoir  on  the  subject  has  been 
raibiished  by  Fonseca  in  the  Anales  de  la  Universidad.  It  is 
nainly  a  hydrated  borate  of  lime, — borocalcite,  mixed  with  some 
lominon  salt,  but  without  any  ulexite  (boronatrocalcite). 

12.  Vetxelyite. — A  new  mineral  has  recently  been  described  by 
iVo£  A.  Schrauf,  the  eminent  crystallographer  of  Vienna,  under  the 
Lame  of  Ve&zelyite.  It  is  triclinic,  resembling  distorted  liroconite, 
he  crystals  being  bounded  by  the  prism  and  dome  (100 :  001= 
.01°  3  ).  It  has  a  bluish-green  color,  and  the  composition  is  ex- 
^lessed  by  the  formula  4CuO  PjO^  dH^O.  It  occurs  on  garnet  at 
kforawitza  in  Banat     It  is  named  from  the  discoverer. 

18.    On  Livingatonite,  a  new  mineral  j  by  Mariano  Harcena. 

EU  Minero  Mexicano,  May,  1874.) — Livmgstonite  much  resembles 

n  color  and  aspect  stibnite  or  sulphid  of  antimony.     It  occurs  in 

Am.  Joub.  Sol— Thikd  Bbribs,  Vol.  VIII,  No.  44  —Aug.,  1874. 
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prisms,  apparently  isomorphoas  with  stibnite,  and  like  it  in  thin 
columnar  groups.  Color,  bright  lead-gray ;  of  powder  red,  instead 
of  black  like  stibnite.  Hardness,  2  on  Breithanpt's  scale.  Den- 
sity, at  16°  C,  4*81.  Fuses  at  the  first  touch  of  the  blowpipe 
flame,  and  gives  out  abundant  white  fumes.  Cold  nitric  acid 
does  not  sensibly  attack  it ;  but  warm  dissolves  it  and  a  white 
residuum  falls.  Sulpbydric  acid  precipitates  it,  forming  a  yellow 
sulphid  and  another  of  a  black  color.  Reactiona  show  that  it 
contains  mercury  as  well  as  antimony.  An  analysiR  has  not  yet 
been  completed,  but  an  assay  proved  the  presence  of  10  per  cent 
of  mercury,  showing  that  it  is  m  all  probability  a  sulphid  of  mer- 
cury and  antimony. 

It  is  from  Huitzuco,  in  the  State  of  Guerrero,  Mexico.  Mr. 
Barcena  has  named  it  in  honor  of  the  distinffuished  African  tra- 
veler, Mr.  Livingstone ;  with  reference  to  which,  he  well  says, 
"  Al  hacer  esta  dedicatoria  he  tenido  presente  que  los  bienhechores 
de  la  bumanidad  pertenecen  k  todas  las  naciones,  y  que  la  humani- 
dad  entera  debe  honrar  su  memoria." 

14.  On  the  Plagopterinm  and  the  Ichthyoloay  of  Utah;  by 
E.  D.  CoPB.  14  im.  8vo.  1874.— A  part  of  the  lieport  of  the 
Geographical  and  Geological  Explorations  and  Surveys  west  of 
the  1 00th  meridian;  First  Lieut.  G.  M.  Wheeler,  Corps  of 
Engineers,  U.  S.  A.,  in  charge.  From  the  Proceedings  of  the 
Amer.  PhiL  Soc.  of  Philadelphia. 

15.  Annotated  List  of  the  Birds  of  Utah  ;  by  H.  W.  HsNSHiir. 
16  pp.  Bvo.  (Reprinted  from  the  Ann.  N.  York  Lye  Nat.  Hist, 
vol.  xi,  1874,  at  Salem,  Mass.) — Mr.  Henshaw's  personal  observa- 
tions were  made  in  connection  with  the  survey  under  lient 
Wheeler,  of  which  he  is  ornithologist. 

16.  Bulletin  of  the  Buffalo  Society  of  Natural  Sciences.— Yoi 
ii,  No.  1  (1 04  pp.  8vo),  contains  a  list  of  the  NoctuidsB  of  North 
America,  W  A.  R.  Grotc ;  a  catalogue  of  the  Coleoptera  from  the 
region  of  Lake  Pontchartrain,  Louisiana,  by  S.  Y.  Summers ;  and 
a  catalogue  of  Boleti  of  New  England,  with  descriptions  of  new 
species,  by  C.  C,  Frost. 

17.  Anatomy  (pf  the  Invertebrata ;  by  C.  W.  von  Sisbold. 
Translated  from  the  German,  with  additions  and  notes,  by  Waldo 
I.  Burnett,  M.D.  470  pp.  Hvo.  Boston,  1874,  (James  Camp- 
bell.)— This  is  a  reprint  of  Dr.  Burnett's  excellent  translation 
of  Von  Siebold's  well  known  text-book  on  the  Anatomy  of  the 
Invertebrata.  It  is  a  standard  work,  and,  although  not  present- 
ing the  latest  results  of  researches,  should  be  in  the  hands  of  all 
zoological  students.  The  notes  of  Dr.  Burnett  are  an  important' 
addition  to  the  original  work. 

18.  Maps  of  the  Geyser  Basins,  on  Madison  JRiver^  after  a  re- 
connaissance by  G.  li.  BuLciiEB.  U.  S.  Geological  Survey  of  the 
Territories,  F.  Y.  Ilayden  in  charge. — These  two  large  maps  give 
the  exact  positions  and  areas  of  the  many  hot  springs,  or  lakes 
and  geysers,  of  the  Upper  Madison.  They  are  a  most  interesting 
study  for  the  geologist.  Dr.  Hayden  has  the  satisfaction  of  seeing 
great  and  valuable  results  flowing  from  the  explorations  under  bS 
charge. 
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19.  Three  Essays  relating  to  Vegetable  Paleontology  are  before 
08: 

(1.)  Alph.  DeCandollb,  on  Physiological  Chroups  in  the  Vegeta- 
He  Kingdom :  ( Conatistution  dans  U  R^gne  Vigital  de  Oroupes 
Phyau^giques  applicables  a  la  Oeographie  Botanique  Ancienne 
a  Jfodeme) ;  par  M.  Alphonse  DeCandollb. — ^An  article  of  88 
Mges  in  the  Archives  des  Sciences  de  la  Biblioth^que  Universelle, 
Geneva,  of  May,  1874,  and  issued  separately.  M.  DeCandolle  here 
makes  an  attempt  to  mark  out  groups  of  plants  according  to  the 
elimates  which  the^  affect. 

From  the  groupmg  of  plants  according  to  their  botanical  char- 
acteristics, he  says,  come  classes,  families,  genera,  species,  &c. 
From  geographical  delimitations  come  floras.  For  the  study  of 
feoffraphical  botany  and  of  the  vegetation  of  former  periods,  some 
kind  of  physiological  arrangement,  which  may  comport  with  con- 
stitutional characteristics  and  aptitudes,  becomes  desirable ;  and 
this  want  M.  DeCandolle  here  undertakes  to  supply. 

He  sketches  five  groups.  I^irst,  plants  requiring  a  ^reat  amount 
of  heat  and  moisture.  A  name  expressive  of  both  these  require- 
ments would  be  cumbrous;  so  he  chooses  for  this  group  a  name 
referring  to  the  temperature  only,  and  calls  them  Megathermal 
plants,  or  in  short  MegcUherms^  L  e.,  plants  to  which  much  heat  is 
essential  These  inhabit  the  rainy  intertropical  regions  in  the 
plains,  and  sultry  valleys  up  to  the  dOth  parallel 

Second,  plants  requiring  about  as  much  heat  but  far  less  mois- 
ture. These,  taking  the  name  from  the  latter  characteristic,  he 
terms  Kerophilovs  plants,  lovers  of  dryness.  They  are  pretty 
widely  distributed,  but  they  especially  affect  the  regions  bordering 
the  tropics  and  extending,  say  to  the  doth  parallel  in  both  hemis- 
pheres. 

The  third  group,  Mesothermal  plants,  require,  as  the  name  de- 
notes, moderate  heat,  also  a  fair  supply  of  moisture,  at  least  in 
the  growing  season,  say  a  mean  annual  temperature  of  50^-68® 
Pahr.,  that  of  the  rather  warm  temperate  zones. 

The  fourth  group,  Microthermal  plants,  L  e.,  those  demanding 
little  heat,  say  a  mean  annual  temperature  of  67°  or  less,  down  to 
that  of  32°,  with  of  course  a  good  summer  temperature.  In  this 
^roup  would  be  included  the  vegetation  of  our  Northern  States 
ind  Canada. 

The  fifth  group,  Ifekistothermal  plants,  those  requiring  least 
iieat,  such  as  make  up  arctic,  antarctic,  and  alpine  vegetation. 

His  sixth  group,  Megistothermal  plants,  those  whicn  require  an 
jxceptional  amount  of  heat,  or  a  mean  of  over  86'  Fahr.,  are 
nentioned  as  having  probably  played  a  part  among  the  earlier 
T^egetations,  but  as  now  represented  only  by  a  few  lowly  organized 
ilants  of  thermal  waters. 

The  present  distribution  of  plants  over  the  globe  depends,  1, 
ipon  the  distribution  in  a  preceding  epoch,  and  2,  upon  the  physi- 
»1  conditions,  mainly  the  distribution  of  heat  and  moisture,  now 
existing.    These  conditions  have  varied  greatly ;  and  under  them 
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the  corresponding  sorts  of  plants  have  occupied  stations  widely 
different  from  those  they  now  occupy.  As  illustrating  this,  DeCan- 
doUe  mentions  the  fact  that  the  vegetation  of  the  borders  of  the 
Mediterranean  extended  to  Paris  at  the  commencement  of  the 
present  period;  that  the  arctic-alpine  or  hekistothermal  Yeseta- 
tion,  now  belonging  to  the  polar  region  and  the  summit  of  nigh 
mountains  in  Europe,  occupied  the  plains  in  the  glacial  period 
after  having  been  once  before  stationed  nearly  as  at  preBent:  that 
the  vegetation,  say  of  the  d5th  parallel  in  the  Athtntio  United 
States,  has  once  been  as  far  north  as  the  60th  parallel ;  and  the 
intertropical  flora  had  advanced  to  London  at  the  commencement 
of  the  Tertiary  period.  In  another  connection  he  remarks  that, 
^'  il  est  k  pen  pr^s  d^montr^  que  les  flores  actuelles  des  Etats- 
Unis  m6riaionaux  et  du  Japon  se  sont  rapproch^s  on  fois  dans  le 
nord,  sous  Pompire  dc  climats  temp^r^,  selon  Phypoth^se  ^mise, 
en  1850,  par  M.  Asa  Gray.''  Now  when  one  endeavors  to  trace 
the  probable  connection  between  preceding  and  present  vegeta- 
tions, as  it  were  historically,  it  becomes  convenient,  if  not  almost 
necessary,  to  have  some  name  under  which  a  particular  entembk 
of  vegetation,  such  as  that  of  a  large  part  of  the  United  States  in 
our  time,  may  be  spoken  of  as  a  whole  when  recognised  in  far 
other  times  and  places.  Hence  these  proposed  names,  of  Meso- 
therms,  &c.  If  tne  grouping  and  the  nanune,  as  now  struck  oat, 
are  not  wholly  satisfactory,  at  least  a  fair  oeeinning  has  been 
made  and  a  practical  convenience  secured.  Their  utility  becomes 
ai)parent  when  attention  is  turned  to  fossil  floras. 

in  these  the  dominant  character,  megathermous,  mesothermons, 
microthcrmous,  or  even  xerophilons,  is  pretty  clearly  to  be  made 
out,  in  the  Tertiary  floras  unmistakably.  That  similar  forms  of 
vegetation  at  different  eras  imply  similar  climates  is  an  unavoida- 
ble hypothesis ;  that  they  imply  similar  antecedent  plants  is  the 
natural  presumption  ;  and  when,  along  with  the  general  similarity, 
some  of  the  species  of  consecutive  floras  appear  to  be  identical  or 
nearly  so,  this  presumption  approaches  demonstration.  In  follow- 
ing up  this  line  in  tne  regions  and  through  the  times  which  we 
know  most  about,  viz :  in  Europe  and  North  America,  and  from 
the  present  to  the  Cretaceous  period,  DeCandolle  brings  to  view 
various  interesting  considerations,  and  among  them  a  corollar? 
drawn  by  Heer,  which  our  paleontological  geologists  should 
heed.  Namely,  that  when  two  fossil  floras  or  faunas  are  very 
similar,  but  in  widely  separated  latitudes  (say  Spitsbergen  and 
middle  Europe  for  a  marked  instance),  they  cannot  possibly  hare 
been  contemporaneous.  For  difference  of  temperature  according 
to  latitude  must  have  been  as  real  as  now  within  the  periods  re- 
ferred to,  however  modified  by  geographical  conflguration ;  and 
of  two  such  floras  the  northern  must  have  been  the  more  ancient, 
since  the  temperature  has  on  the  whole  diminished  in  the  course 
of  ages,  and  especially  during  the  Tertiary  epochs.  And  not  only 
very  different  fossil  Tertiary  floras  must  have  been  contempora- 
neous in  different  latitudes,  but  probably  under  the  same  parallels 
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ilso,  at  least  as  different  as  the  present  floras  of  Europe  and  China, 
>r  of  California  and  Penusylvauia. 

How  the  adaptive  diversification  into  these  physiological  groups 
came  to  pass,  is  a  question  of  the  same  nature  as  that  of  the  diver- 
nfication  into  classes,  genera  and  species,  but  far  easier  to  form  a 
conception  o£  As  a  specimen  of  the  essay  we  translate  a  portion 
of  DeCandolle's  remarks  upon  this : 

*^  Starting  from  the  idea,  admitted  by  physicists,  of  a  nearly 
ODiform  and  considerably  elevated  temperature  of  the  earth  at  a 
remote  period,  followed  by  a  very  gradual  cooling  and  distinction 
of  climates  during  an  incalculable  series  of  ages,  there  must  have 
been  at  first  onl}r  one  physiological  group  of  plants,  that  which  I 
bave  called  megistothermous.  To  Uiis  succeeded  the  plants  of 
the  Carboniferous  era,  of  little  diversification,  however,  as  com- 
pared with  those  of  subsequent  ages.  They  would  seem  to  have 
been  megatherms,  or  sometimes  mesotheims,  for  the  existing  ferns 
ftnd  conifers  correspond  to  those  two  categories.  Among  them 
there  may  have  been  species  adapted  to  the  long  polar  twilights, 
just  as  our  ferns  often  inhabit  the  forests,  and  as  some  cultivated 
sonifers,  such  as  Cryptomeria  Japonica^  prefer  the  shade.  The 
snow  must  have  destroyed  the  primeval  vegetation  of  the  noith, 
but  the  megatherms  and  mesotherms  survived  elsewhere.  It  is 
difficult  to  conceive  what  was  passing  during  the  immense  period 
of  the  secondary  formations,  on  account  of  the  subsequent  disper- 
sion of  the  land  surfaces,  the  extent  of  the  seas  which  covered 
Europe,  and  the  fewness  of  the  fossil  plants  which  have  thus  far 
been  studied.  At  the  commencement  of  the  Tertiary  period,  the 
megatherms  occupied  all  the  exposed  surface  up  to  the  48th  de- 
gree of  north  latitude,  that  is  to  say,  all  the  present  hot  and  tem- 
perate r^on.  The  other  classes  became  detached  little  by  little 
uom  the  vegetation  that  preceded,  and  localized  toward  the  north 
sod  upon  the  mountains,  m  proportion  as  the  increased  cold  drove . 
out  the  prior  possessors.  Gradually  the  megatherms  lost  territory 
tod  the  others  acquired  it  This  is  the  simple  expression  of  the 
Buns,  irrespective  of  theory. 

**  How  and  by  what  means  has  this  physiological  grouping  in 
locordance  with  the  climates  been  enected?  Here  hypothesis 
begina  The  question  is  the  same  as  that  which  respects  the 
erolution  of  forms,  except  that  here  there  is  a  basis  of  known  facts 
irhich  in  that  case  is  wanting ;  and  nobody  can  prove  that  there 
was  originally  only  one  kind  of  plant  at  a  time  when  there  was 
certainly  only  one  climate.  And  unity  of  climate  carries  with  it 
physiological  unitv  for  the  vegetation  of  the  epoch,  whatever  it 
may  have  been.  There  is  nothing  hypothetical  therefore  in  saying 
:hat  the  actual  physiological  groups  nave  succeeded  to  the  single 
primary  one.  As  to  the  cause  of  this  evolution  of  groups,  the 
[lypothesis  proposed  by  Darwin  for  that  of  forms  is  equally  appli- 
»Dle,  and  equally  finds  support  in  the  circumstances  as  they 
jecome  more  and  more  known.  Thus  the  changes  both  in  physio- 
ogical  character  and  in  the  forms  have  been  very  slow  and  very 
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gradual.  The  stad^  of  the  Tertiary  floras,  as  pnntied  by  M.  de 
baporta,  following  m  the  footsteps  of  Heer,  fmnishes  abundant 
proofs  of  a  slow  and  continual  substitution  of  analogous  formB, 
which  is  quite  contrary  to  the  hypothesis  of  abrupt  renewals  at 
long  intervals,  through  unknown  causes,  as  maintained  by  the 
eminent  Zurich  professor.  But  I  need  not  now  discuss  the  Dar- 
w^inian  hypothesis.  At  least  we  may  wait  until  some  other  dis- 
cussable hypothesis  is  propounded." 

As  we  write  this,  the  mformation  comes  to  this  country  that 
M.  DeCandolle  has  the  distinguished  honor  of  being  elected  one 
of  the  eight  foreign  members  of  the  Institute  of  France  (Academy 
of  Sciences),  to  fill  the  vacancy  made  by  the  death  of  Agassiz. 

(2  J  W.  C.  Williamson  :  Primeval  vegetation  in  its  relation  to 
the  Doctrines  of  N'atural  Selection  and  Evolution. — This  is  one  of 
the  fourteen  able  Essays  and  Addresses  by  Professors  andZ/ecturen 
of  Otcens  (JoUege^  Manchester^  published  in  commemoration  of  the 
opening  of  the  new  college  bmldiugs,  Oct.  7,  187«H  (Macmillan  k 
Co.,  Ix)ndon,  1874),  and  forming  a  handsome  octavo  volume  of  560 
pages.  Professor  Williamson's  lecture  fills  fifty-five  pages,  with  a 
sketch  of  what  is  known  of  the  vegetation  of  the  preceding,  mainly  of 
the  earlier,  geological  ])eriod6,  and  with  evidently  well  considered 
and  noteworthy  remarks  upon  the  bearings  of  our  actual  knowl- 
edge on  the  question  referred  to.  It  opens  with  a  reference  to 
the  "  wide-spread  commotion  in  the  scientific  world "  caused  by 
"  the  allied  doctrines  of  Darwin  and  Herl>ert  Spencer  in  relatioa 
to  the  origin  of  s])ecie8."  The  popular  association  of  thcRe  names 
is  natural  enou^rh,  and  Mr.  Darwin  has  himself  to  some  extent 
furthered  it.  Hut  scientific  men,  it  is  to  be  hoped,  keep  up  a  dis- 
tinction between  natural  history  investigation  pursued  by  evolu- 
tionary hypotheses  and  the  a  priori  deductive  natural  history 
developed  by  Mr.  Spencer.  The  former  brings  new  aids  to 
research  and  practical  problems  to  be  attempted :  of  tbe  latter  it 
is  unnecessary  now  to  speak,  and  we  could  not  well  speak 
of  it  so  highly  as  Professor  Williamson  does.  On  the  other 
hand  Professor  Williamson  alludes  to  "the  advocates  of  thenev 
views  "  as  "  treating  with  ill-concealed  contempt  any  one  belong- 
ing to  an  older  scientific  school  who  is  unable  to  travel  along  the 
new  road  with  their  vigorous  steps."  Surely  this  cannot  be  justly 
said  of  any  who  have  treated  of  vegetation,  recent  or  primeval, 
under  the  light  of  the  "  new  views,"  nor  of  Mr.  Darwin  himself; 
indeed,  this  is  so  far  from  being  true  that  it  is  fair  to  presume  that 
the  professor  had  sonie  other  order  of  persons  in  his  mind.  He 
concludes  that  "  the  geological  record  is  less  imperfect  botanically 
than  zoologically,  since  we  practically  catch  the  vegetable  king- 
dom at  a  comparatively  early  stage  of  its  history,  and  are  able  in 
some  measure  to  trace  its  upward  progress," — propositions  which, 
we  suppose,  are  open  to  serious  doubt.  That  "  the  extinct  vege- 
table kingdom  has  been  comparatively  neglected  in  coimexion 
with  this  subject "  may  be  true ;  but  a  singular  idea  of  what  has 
been  done  and  attempted  is  conveyed  when  Dr.  Dawson^s  name 
alone  is  mentioned  in  thb  connexion,  and  Heer  and  Saporta,  New* 
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berry  and  Lesquereux,  are  left  out  of  view — perhaps  because  they 
have  not  written  polemically.  These  are  all  the  faults  we  have 
to  find  with  what  appears  to  be  a  fair  and  faithful  presentation  of 
the  topic,  as  respects  the  fossil  botany  of  the  Devonian  and  Car- 
boniferous formations,  with  which  the  author  is  thoroughly  fami- 
liar, and  to  which  he  mainly  restricts  his  attention  in  this  essay. 
BQs  conclusions  are  that  natural  selection  and  evolution  ''  unques- 
tionably account  in  a  satisfactory  manner  for  many  phenomena 
that  have  hitherto  received  no  other  adequate  explanation,"  such, 
for  instance,  as  the  production  of  varieties,  '^  while  it  is  equally 
certain  that  many  of  these  varieties  are  wholly  undistinguishable 
from  what  we  designate  [as]  species ;  it  is  also  true  that  in  many 
instances  generic  types  appear  to  merge  into  each  other  in  such  a 
way  as  to  make  it  difficult  to  define  their  boundaries."  The 
longer  he  studies  anv  group  and  the  more  numerous  the  speci- 
mens obtained  from  different  localities,  the  more  utterly  does  he 
distrust  their  specific  and  even  generic  distinctions ;  and  he  can 
account  for  this  state  of  the  case  only  on  the  supposition  of  "  in- 
termediate forms  produced  through  the  action  of  the  varying  ex- 
ternal forces  which  lead  to  evolution."  To  the  question  whether 
Tariations  are  boundless  or  are  confined  within  definite  limits, 
while  admitting  that  those  limits  may  include  genera,  perhaps  he 
would  include  families  also,  he  replies  that  ^^  the  facts  of  paleo- 
pbytology  appear  to  me  to  favor  the  latter  rather  than  the  former 
oonclusion.  We  have  not  much  difficulty  in  distinguishing  the 
great  paleozoic  types  from  one  another."  This,  surely,  is  what 
would  be  expected,  at  least  by  Mr.  Darwin. 

(3.)  J.  W.  Dawson  :  Annual  Address  of  the  President  of  the 
Natural  History  Society  of  Montreal^  ^lay,  1874. — A  considerable 
portion  of  this  address  is  devoted  to  vegetable  paleontology  and 
related  matters.  Substantially  Principal  Dawson's  views  and 
aims  are  not  very  unlike  those  of  Prof.  Williamson,  although  the 
mode  of  argument  and  the  tone  are.  Both  have  occupied  them- 
selTea  mainly  with  the  fossil  botany  of  the  earlier  formations ;  and 
this  may  explain  the  contrast  between  their  conclusions  as  to  the 
abrupt  introduction  of  types  and  forms,  and  those  of  Count 
Saporta,  based  upon  the  fuller  records  of  Tertiary  deposits,  which 
DeOandolle  has  referred  to  in  an  extract  given  above.  Professor 
Williamson  probably  thinks  that  evolutionary  hypotheses  in  some 
form  are  not  unlikely  to  prevail ;  Dr.  Dawson,  that  they  are  already 
well  ni^h  exploded.  The  former  seems  inclined  to  accept  at  least 
the  probabihty  of  evolution  for  species  and  genera.  Dr.  Dawson 
restricts  its  sway  "  to  varietal  and  race  forms,"  which  "  constitute 
conventional  as  distinguished  from  natural  species,"  maintaining 
that  the  latter  are  permanent  and  original.  But,  so  far  as  we  can 
make  out,  the  difference  between  his  "  varietal  forms  or  conven- 
tional species,"  which  have  arisen  from  "  descent  with  modifica- 
tion," and  the  natural  species  which  have  not,  is  simply  this :  that 
actual  evidence  (such  as  that  of  known  intermediate  forms)  has 
enforced  the  conclusion  in  certain  cases  and  not  in  others.  When- 
ever it  d(5.e8,  or  tends  to  do  so,  we  have  only  to  transfer  these  from 
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the  list  of  actual  to  that  of  conventiooal  or  spurious  species;  and 
so  the  doctrine  of  the  '^  marvelous  permanence  of  specific  types  ^ 
will  remain  unassailable,  while  the  truths  for  which  ^'modern 
theories  of  derivation  have  been  chiefly  valuable,  so  far  as  estab- 
lished, will  remain  as  substantial  results  after  these  theories  have 
been  exploded."  "  Exploded  "  is  hardly  the  proper  term  (except 
as  suggestive  of  the  "  engineer  hoist  with  bis  own  petard,")  for  a 
process  in  which  the  doctrine  of  the  derivation  of  species  has  all 
the  life  taken  out  of  it  as  fast  as  it  comes  into  existence.  This 
method  of  confutation  is  more  effectual  than  original.  It  was 
foreshadowed  by  Sir  John  Harrington  in  the  16tb  century;  when 
he  wrote : — 

"  Treason  doth  never  prosper,  what*B  the  reason  ? 
"  Why,  if  it  prosper,  none  dare  call  it  treason. 

Tills  absolute  distinction  into  varietal  and  derived  as  against 
specific  forms  assumed  to  be  underived,  along  with  the  recogni- 
tion that  some  of  the  latter  have  come  down  through  the  Tertiary 
or  even  from  the  Cretaceous  ages,  "  while  some  species  have  dis- 
appeared without  known  successors,  and  others  [liKe  them?]  have 
come  in  without  known  predecessoi-s,"  seems  to  be  the  key  to  the 
interpretation  of  some  points  in  the  following  passage.  We  quote 
it  at  length,  being  doubtful  if  we  could  do  it  justice  in  an  ab- 
stract. 

"  Physically  the  change  from  the  Cretaceous  to  the  Tertiary 
was  one  of  continental  elevation— drying  up  the  oceiinic  waters  in 
which  the  marine  animals  of  the  Cretaceous  lived,  and  affording 
constantly  increasing  scope  for  land  animals  and  plants.  Thus  it 
must  have  happened  that  the  marine  Cretaceous  animals  disap- 
peared first  from  the  high  lands  and  lingered  longest  in  the  val- 
leys, while  the  life  of  the  Tertiary  came  on  first  in  the  hills  and 
was  more  tardily  introduced  on  the  plains.  Hence  it  has  arisen 
tliat  many  beds  which  Meek  and  Cope  regard  as  Cretaceous  on  the 
evidence  of  animal  fossils,  Xewberry  and  Lesquereux  regard  as 
Tertiary  on  the  evidence  of  fossil  plants.  This  depends  on  the 
general  law  that  in  times  of  continental  elevation  newer  produc- 
tions of  the  land  are  mixed  with  more  antique  inhabitants  of  the 
sea;  while  on  the  contrary  in  times  of  subsidence  older  land 
creatures  are  liable  to  be  mixed  with  newer  products  of  the  sea. 
Thus  in  Vancouver's  Island  plants  which  Heer  at  first  regarded 
as  Miocene  have  been  washed  down  into  waters  in  which  Cretace- 
ous shell-fishes  still  swarmed.  Thus  Cope  maintains  that  the 
lignite-bearing  or  Fort  Union  group  contains  remains  of  Cretace- 
ous reptiles,  while  to  the  fossil  botanist  its  plants  appear  to  be 
unquestionably  Tertiary.  Hence  also  we  are  told  that  the  skele- 
ton of  a  Cretaceous  Dinosaur  has  been  found  stuffed  with  leaves 
which  Lesquereux  regards  as  Eocene.  At  first  these  apparent 
anachronisms  seem  puzzling,  and  they  interfere  much  with  arbitrary 
classifications.  Still  they  are  perfectly  natural,  and  to  be  expected 
where  a  true  geological  transition  occurs.  They  afford,  moreover, 
an  opportunity  of  settling  the  question  whether  the  introduction 


Oeolngy  and  Natural  History.  168 

if  living  things  is  a  slow  and  gradual  evolution  of  new  types  by 
lescent  with  modification,  or  whether,  according  to  the  law  so 
My  illustrated  by  Barrande  in  the  case  of  the  Cephalopods  and 
Mlo^iites,  new  forms  are  introduced  abundantly  and  in  perfection 
kt  once.  The  physical  change  was  apparently  of  the  most  gradual 
;haracter.  Was  it  so  with  the  organic  change  ?  That  it  was  not 
8  apparent  from  the  fact  that  both  Dr.  Asa  Grray  and  Mr.  Cope, 
vho  try  to  press  this  transition  into  the  service  of  evolution,  are 
>bliged  in  the  last  resort  to  admit  that  the  new  flora  and  fauna 
nast  have  migrated  into  the  region  from  some  other  place.  Gray 
teems  to  think  that  the  plants  came  from  the  north.  Cope  sup- 
)08e8  the  mammals  came  from  the  south ;  but  whether  they  were 
anded  from  one  of  Sir  William  Thomson's  meteors,  or  produced 
n  some  as  yet  unknown  region  of  the  earth,  they  cannot  inform 
18.  Neither  seems  to  consider  that  if  giant  Sequoias  and  Dicoty- 
edonons  trees  and  large  herbivorous  Mammalia  arose  in  the  Cre- 
ttceous  or  early  Tertiary,  and  have  continued  substantially  unim- 
>roved  ever  since,  they  must  have  existed  somewhere  for  periods 
kr  greater  than  that  which  intervenes  between  the  Cretaceous 
ind  the  present  time,  in  order  to  give  them  time  to  be  evolved 
Tom  inferior  types ;  and  that  we  thus  only  push  back  the  difficulty 
>f  their  origin,  with  the  additional  disadvantage  of  having  to 
idmit  a  most  portentous  and  fatal  imperfection  in  our  geological 
•ecord.*'    (pp.  9,  10.) 

The  latter  portion  of  this  paragraph  conveys  a  singular  idea  of 
rhat  one  of  tne  writers  referred  to  by  Principal  Dawson  was  about. 
[>r.  Gray  had  a  problem  before  him,  of  whicn  these  are  the  salient 
>o]nt8  and  the  emphatic  facts :  The  Taxodium  or  Bald  Cypress  of 
mr  Southern  Atlantic  States,  or  a  tree  so  like  it  as  to  be  now  un- 
listinguishable,  was  in  the  Miocene  age  an  inhabitant  of  the  arctic 
regions  round  the  world.  The  Sequoias  or  Redwoods  of  Califor- 
lia  were  represented  in  this  same  arctic  Miocene  flora  by  several 
ipeciea  of  similar  trees,  two  of  which  were  so  much  like  the  two 
present  Califomian  Redwoods  that,  if  we  mistake  not,  Dr.  Dawson 
B  disposed  to  regard  them  as  ^'  varietal  forms  '^  of  the  same.  Be- 
ddes  these  peculiar  types,  the  arctic  Miocene  forest  contained,  and 
ipparently  consisted  of,  trees  and  shrubs  generically  like  those 
iniich  compose  the  forests  of  New  England,  Virginia,  etc.,  some 
>f  them  generally  resembling,  others  very  closely  resembling,  and 
tome  seemingly  specifically  representing,  our  existing  trees.  W  hat 
iras  the  probable  relation  between  these  existing  trees  of  our  lati- 
;nde  and  the  arctic  ones  of  ancient  times?  In  answering  this 
{oeetion.  Dr.  Gray  took  two  postulates  for  granted,  in  conmion 
with  the  scientific  world:  1,  that  the  more  recent  individuals  of 
\  species  are  descendants  of  the  earlier  individuals  of  the  same 
pecies ;  2,  that  the  temperate-climate  vegetation  which  once 
(oarished  beyond  the  arctic  circle  was  slowly  driven  southward  by 
he  cold.  His  moderate  theoretical  inference  is,  that  the  vegeta- 
ioD  among  which  we  live  has,  as  a  whole,  descended  from  the 
urctic  Miocene  vegetation,  most  of  it  with  modification,  some  of 
t  without.    This  is  what  Dr.  Dawson  calb  being  ^^  obliged  in  the 
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last  resort  to  admit  that  the  new  flora  and  fauna  most  have  min- 
ted into  the  region  from  some  other  place.  Gray  seems  to  tMnk 
that  the  plants  came  from  the  north,  etc.''  Wh^,  instead  of  the  last, 
it  is  the  first  resort.  Surely,  unless  astronooucal  conditions  hsTe 
been  reduced,  the  plants  in  question  were  not  growing  here  it 
the  time  when  their  analogues,  some  even  of  the  same  species,  weie 
flourishing  beyond  the  arctic  circle ;  and  Dr.  Gray  might  naturally 
seem  to  think  that  they  came  from  the  north,  since  they  could  not 
stay  tliere  any  longer,  and  that  is  where  they  were  known  to  be 
at  the  last  previous  account.  Dr.  Dawson  intimates  that  they  may 
as  well  have  "  landed  from  one  of  Sir  Wm.  Thomson's  meteors." 
DeCaudolle,  as  quoted  above,  asserts  that  the  view  which  Dr. 
Dawson  thinks  wholly  fanciful,  is  all  but  demonstrated. 

Finally,  the  writer  referred  to,  following  Lesquereuz,  intimates 
that  the  traces  of  the  same  genera  and  of  similar  species  in  the 
Cretaceous  suggest  a  descent  of  our  principal  types  firom  that 
remoter  period.  Tins  supposition  ought  not  to  appear  very  vio- 
lent to  one  who  says  of  a  common  Canadian  Fern,  Otioclea  eenti' 
bilis^  '^  There  is  every  reason  to  believe  that  this  is  merely 
one  example  out  of  many,  of  plants  that  were  once  spread 
over  £urope  and  America,  and  have  come  down  to  us  onmoaified 
throughout  all  the  vicissitudes  of  the  Tertiary  ages,"  (p.  11.) 
One  would  fain  suppose  that  if  so  many  species  have  come  down 
all  this  way  ''unmodified,^'  and  when  ''we  have  learned  that 
each  specific  type  has  capacities  for  the  production  of  varietal 
and  race  forms,  which  are  usually  exercised  to  the  utmost  in  the 
early  stages  of  its  existence,  and  then  remain  fixed  or  disappear 
and  reappear  as  circumstances  may  arise"  (p.  14),  then  it  is  not 
unlikely  that  still  more  have  come  down  in  modified  forms. 
The  problem  was,  to  trace  the  connection  between  the  present 
temperate  flora  and  that  of  the  later  Tertiary,  and  remotely  with 
its  predecessors,  as  far  back  and  to  such  a  degree  as  the  diminish- 
ing evidence  might  allow.  Upon  Dr.  Dawson's  own  data  and 
principles  an  attempt  of  the  kina  would  seem  to  be  perfectly  legi- 
timate. But  the  close  of  the  long  paragraph  quoted  above  seems 
to  imply  that  the  immediate  deductions  from  admitted  facts  and 
the  remoter  inferences  are  equally  vain ;  that  it  is  useless  to  derive 
our  temperate  flora  even  from  that  of  the  Miocene,  or  that  bom 
the  Eocene,  or  that  from  the  Cretaceous,  until  we  are  able  to  shov 
how  and  whence  it  came  to  the  Cretaceous,  and  so  on.  As  if^ 
when  one  oftered  to  prove,  by  appropriate  testimony,  that  Dr. 
Dawson  came  to  Montreal  from  Nova  Scotia,  and  his  parents  or 
grandparents  came  to  Nova  Scotia  from  Great  Britain,  he  were 
told  that  this  was  of  no  account,  until  it  were  shown  how  and 
when  their  ancestors  came  to  Great  Britain.  As  if  the  object  in 
euaeavor  of  this  sort  was  to  show  how  things  began.  The  prac- 
tical ques  ions  relate  to  how  they  go  on,  and  especially  how  they 
have  goiu  on  within  times  resp'ectmg  which  there  is  much  evi- 
dence to  1  e  had. 

\Vhat  V  ew  does  Dr.  Dawson  himself  take  of  the  relation  be- 
tween the  North  American  flora  and  that  of  the  Tertiary  ages? 
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Many  species,  be  believes,  are  common  to  tbe  two.  ^'  But  wbile 
this  18  tbe  case,  some  species  have  disappeared  without  known 
saooessors,  and  others  have  come  in  without  known  predecessors. 
Nay,  whole  floras  have  come  in  without  known  origin.  Since  the 
Miocene  age  the  great  Arctic  flora  has  spread  itself  all  around 
the  globe,  the  distinctive  flora  of  Northeastern  America  and  that 
of  Europe  have  made  their  appearance,  and  the  n^at  Miocene 
flora,  once  almost  universal  in  the  northern  hemisphere,  has  as  a 
whole  been  restricted  to  a  nan*ow  area  in  Western  and  warm  tem- 
perate North  America.  Even  if  with  Grav,  in  his  address  of  two 
years  ago  before  the  American  Association,  we  are  to  take  for 
eranted  that  the  giant  pines  (Sequoias)  of  California  are  modified 
descendants  of  those  which  flourished  all  over  America  and  Eu- 
rope in  the  Miocene,  Eocene  and  Cretaceous,  we  have  in  these 
merely  an  exceptional  case  to  set  against  the  broad  general  facts. 
Even  this  exception  ikils  of  evolutionary  significance,  when  we 
consider  that  the  two  species  of  Sequoia,  which  have  been  taken 
as  special  examples,  are  at  best  merely  survivors  of  many  or  sev- 
eral species  known  in  the  Cretaceous  and  Tertiary.  The  process 
of  selection  here  has  been  merely  the  dropping  out  of  some  out  of 
several  species  of  unknown  origin,  and  the  survival  in  a  very  lim- 
ited area  of  two,  which  are  even  now  probably  verging  on  ex- 
tinction ;  in  other  words,  the  two  extant  species  of  Sequoia  may 
have  continued  unchanged  except  varietally  from  Mesozoic  times, 
and  other  species  existed  then  and  since  which  have  disappeared ; 
but  as  to  how  any  of  them  began  to  exist  we  known  nothing,  ex- 
cept that,  for  some  mysterious  reason,  there  were  more  numerous 
and  fsa  more  widely  distributed  species  in  the  early  days  of  the 
group  than  now.'' 

That  is,  '^  the  facts  have  no  evolutionary  significance,"  because 
the  species  which  are  identical  (such  as  the  Taxodium  and  Ono- 
dea)  have  come  down  unchanged,  and  so  testify  to  the  fixity  of 
species ;  those  that  may  possibly  be  ''  modified  descendants,"  such 
as  the  two  Sequoias,  survive  only  in  a  very  limited  area  and  are 
therefore  of  no  account ;  while  those  that  are  specifically  diflerent 
in  the  two  floras  '^  have  come  in  without  known  origin,"  to  take 
the  place  of  others,  in  numerous  cases  extremely  like  them,  which 
''have  disappeared  without  known  successors."  The  singular  re- 
semblance Detween  the  two  is  an  inexplicable  mystery  to  Dr. 
Dawson,  excepting  when,  now  and  then,  it  is  seen  to  be  a  trifle 
closer,  which  explains  that  particular  instance,  but  to  him  throws 
no  ray  of  light  on  the  rest. 

We  have  no  idea  whose  reasoning  it  is  that  is  so  contemptu- 
onaly  spoken  of  on  the  13th  page  of  Dr.  Dawson's  address.  Prob- 
ably it  never  occurred  to  his  mind  that  other  people  might  find 
iaolt  both  with  the  substance  and  the  style  of  his  own  argumenta- 
tion. A.  O. 

RoBEBT  Shuttlbwobth  and  his  Collections. — Mr.  Shuttleworth 
was  an  English  botanist,  long  domiciled  in  Switzerland,  where  he 
happilv  married*  He  was  of  no  small  scientific  note,  although  he 
poDiished  very  Uttle,  and  his  collections  are  ample  and  important. 


156  Scientific  InkWgenee. 

His  death  followed  close  upon  that  of  his  old  and  near  friend  Meiss- 
ner,  of  Basel  His  herbarium,  we  understand,  is  in  part  bequeathed 
to  certain  institutions  and  individuals,  and  in  part  will  t>e  sold. 
His  library,  said  to  be  very  rich  in  other  branches  of  natural  hii- 
tory,  as  well  as  in  botany,  is  by  the  late  owner's  desire  to  be  sold 
entire.  This  will  afford  an  excellent  opportunity  for  some  of  our 
colleges  or  other  institutions.  No  particulars  have  as  yet  been  re- 
ceived ;  but  any  institution  wishing  to  secure  a  valuable  librarv, 
such  as  it  takes  a  long  and  devoted  life  to  form  and  perfect,  should 
address  Madame  Shuttleworth,  at  Berne,  Switzerland.  a.  o. 

ni.    ASTBONOMY. 

1.  Folariscopic  ObservcUions  of  Coggia^s  Comet  (1874,  HI).— 
During  the  greater  portion  of  the  time  when  the  comet  was  favo^ 
ably  situated  for  observation,  it  was  unfortunately  hidden  by 
clouds,  or  extinguished  bv  thick  haze.  On  one  or  two  occasioDfl, 
however,  I  was  able  to  ootain  evidence  that  its  light  was  pola^ 
ized.  The  instrument  employed  was  the  very  sensitive  polarucope 
described  in  the  May  number  of  this  Journal 

On  the  evening  of  July  6,  although  the  sky  was  generally  full 
of  drifting  clouds,  clear  intervals  appeared  now  and  then,  which 
allowed  a  distinct  view  of  the  comet  The  polariscope  showed 
the  bands,  both  bright  and  dark,  quite  definitely,  and  they  were 
seen  with  comparative  ease.  Observations  repeated  a  number  of 
times  agreed  in  showing  that  the  light  was  polarized  in  a  plane 
passing  tli rough  the  axis  of  the  tail,  that  is,  as  nearly  as  could  be 
estimated,  in  a  plane  passing  through  it  and  the  sun.  Other  ob- 
servations made  on  the  evening  of  July  14,  when  the  sky  was 
quite  clear,  gave  the  same  result,  though  less  satisfactorily,  as  the 
twilight  had  begun  to  interfere  with  the  observations.  After 
waiting  until  this  had  disappeared,  it  was  possible  to  see  the  bands, 
though  with  some  difficulty,  and  the  degree  of  the  polarization 
apj)eared  to  be  decidedly  less  than  on  the  previous  occasion. 

The  circumstances  were  too  unfavorable  to  admit  of  any  deter- 
mination of  the  percentage  of  light  polarized,  but  it  was  certainly 
not  large.  The  fact  of  polarization  shows  that  a  considerable 
portion  of  the  light  of  the  coma  is  derived  from  the  sun  by  reflec- 
tion. A.  W.  WBIGHT. 

Yalo  CoUege,  Jiily  24,  1874. 

2.  Spectrum  of  Coggia's  Comet  (1874,  III). — In  the  Comptes 
Rendus  for  June  8,  1874,  M.  Rayet  gives  an  account  of  spectro- 
scopic observations,  made  early  in  June,  which  showed  that  the 
spectrum  of  the  nucleus  was  continuous,  resembling  that  of  a  star 
of  the  sixth  magnitude,  except  that  the  color  at  the  extremities 
could  not  be  distinguished.  The  spectrum  of  the  coma  consisted 
of  the  usual  three  bands  of  cometarv  spectra,  differing  from  them, 
however,  in  the  fact  that  instead  of*^  being  sharply  terminated  on 
the  less  refrangible  side  and  fading  gradually  away  toward  the 
blue,  they  were  definitely  bounded  on  both  sides,  the  central 
band  especially  terminating  sharply  on  both  edges  as  if  by  a  line, 
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rhile  the  other  two  were  slightly  difiuse  on  both  edges,  thus 
pproaching  the  ordinary  type.  They  were  less  than  half  as  bright 
8  the  central  band.  M.  Rayet  states  that  the  three  corresponded 
eepectively  with  the  yellow,  crreen  and  blue  parts  of  the  spectrum, 
rithout  giving  more  definitely  their  exact  positions  and  dimen- 
ions.  He  speaks  of  the  nuclear  spectrum  as  very  short.  The 
ame  peculiarity  was  observed  by  Mr.  Lockyer,  who  says  (Nature, 
une  26,  1874),  "It  struck  me  that  the  spectrum  was  short,  i.  e., 
hat  it  was  deficient  in  blue  rays ;  and  as  one  saw  in  the  telescope 
,  fEm-like  structure  above  the  nucleus  (as  seen  in  an  inverting  tel- 
scope),  so  also  in  the  spectroscope,  the  continuous  spectrum 
parkled  as  if  many  short,  bright  lines  or  bands  were  superposed 
ipon  it."  A.  w.  w. 

3,  Observations  of  the  Aurora  JBorealis  made  by  Minerva  E. 
ViNG,  at  West  Charlotte,  Vt,  lat.  44**  19',  long,  73°  15'  W.from 
Treefiwich. — ^The  following  observations  were  communicated  to 
he  Smithsonian  Iixstitution  and  hav^  been  forwarded  to  this  Jour- 
al  by  Prot  Joseph  Henry. 

S72.  Oct  6  and  6,  Aurora  first  observed  at  midnight;  lasted  until  daylight;  oon- 
fined  to  a  belt  from  W.  to  E.  across  the  zenith.  Oct  28,  8  p.  M.,  auroral  lights 
low  in  the  north;  brightest  near  midnight  Oct  29,  8  p.  M.,  a  low  rim  of 
bright  light  on  the  north  horizon,  threw  up  a  few  beams  a  little  £.  of  N. 
Occasional  auroral  lights  during  the  remainder  of  night 

lee  23,  8  p.  M.,  Auroral  Ughts  lasted  until  midnight.  D^.  31,  at  times  quite  light 
in  north. 

873.  Jan.  5,  Aurora  at  2  a.  m.,  brightest  at  3  a.  m.,  with  a  few  streamers  in  N.  E. 
Jan.  7,  Si  p.  M.,  aurora  in  E.  and  W.  sending  beams  to  zenith.  Jan.  26,  7^ 
p.  M.,  aurora  till  9  p.  M.,  when  it  took  the  form  of  a  low  arch  on  the  N.  sky. 
Jan.  29,  midnight,  aurora  similar  to  that  of  the  26th. 

M>.  4,  8  p.  M.,  Appearance  of  a  white  cloud  through  which  the  stars  shone,  re- 
tained the  same  position  all  night  till  4  a.  M.  Feb.  20,  auroral  lights  very 
bright  ^m  midnight  until  morning.  Feb.  20,  8  p.  m.,  similar  to  aurora  of 
Jan.  26th.  Feb.  22,  8  p.  m.,  aurora  very  white ;  at  midnight  very  bright. 
Feb.  24,  8  p.  M.,  bright;  very  white.  Feb.  27,  aurora  from  midnight  till 
morning. 

Larch  1,  Aurora  from  7^  p.  m.  to  midnight  March  6,  aurora  from  9  p.  m. 
March  10,  8  p.  m.,  a  few  beams  of  aurora  visible.  March  23,  faint  aurora  in 
north,  at  9  p.  M.  March  24,  8  p.  M.,  bright  auroral  light  in  north.  March  27, 
8  P.  IL,  quite  bright  in  N.  W.,  lasted  all  night 

.pril  8,  7  p.  M.,  Crimson  aurora.  April  11,  at  midnight  red  light  on  N.  horizon. 
April  16,  light  on  N.  horizon.  April  21,  strong  auroral  light  10  p.  m.  April 
29,  faint  aurora.    April  30,  faint  aurora. 

[ay  3,  Faint  aurora  all  night  May  6,  Bright  aurora,  lasted  all  night.  May  8,  au- 
rora all  night.  May  20,  aurora  all  night.  May  22,  bright  aurora  from  dark 
dond  bank  in  N.    May  31,  aurora  all  night 

one  18,  Bright  display  of  auroral  lights.  June  22,  auroral  lights  during  the  night 
June  23,  aurora  all  night.  June  25,  most  brilliant  aurora  of  this  year ;  form 
of  an  arch,  with  short  beams  playing  on  both  sides  up  and  down ;  very  bright 
at  11  P.  M.,  1  A.  M.  and  3  a.  m.  June  27,  active  aurora,  10|  p.  M. ;  beams  shot 
past  Ae  zenith. 

.ag.  14,  Aurora  Aug.  16,  arch  low  on  N.  horizon.  Aug.  17,  aurora  near  hori- 
zon from  9  p.  M.  to  midnight  Aug.  19,  aurora  10  P.  M.  in  N.,  a  few  faint 
beams.    Aug.  27,  bright  aurora  1  a.  m.     Aug.  30,  Low  aurora  2  a.  h. 

ipt  3,  Bright  aurora  in  N.  horizon.  Sept.  20,  bright  auroral  light  on  N.  horizon. 
Sept  26,  aurora  from  midnight  till  morning.    Sept  30,  bright  but  low  aurora 

3  A.!!. 

iL  22,  Aurora  at  midnight 
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IV.   Miscellaneous  Scientipio  Intelligence. 

1.  Smithsonian  Report/or  1872.  466  pp.  8va  1873.  (GoTern- 
ment  Printing  Office.) — lliis  is  the  twenty-seventh  of  the  serieB 
of  annual  Reports  of  the  Smithsonian  Institution.  The  Report 
appears  more  than  a  year  after  its  date ;  such  are  the  delays  at 
the  Government  Printing  Office.  The  Report  of  the  Secretary, 
Prof.  Henry,  for  the  year  1872,  covers  fifty  pages  of  this  voloma 
In  it  the  line  of  policy  which  has  been  steadily  followed  dmiog  i 
quarter  of  a  century  in  the  government  of  this  institution,  under 
the  will  of  Smithson  (of  which  the  United  States  act  only  an 
trustees),  is  fully  set  forth,  and  its  essential  wisdom  shown  by  its 
good  results.  With  an  income  of  only  about  $45,000,  by  the  use 
of  great  economy,  the  Smithsonian  conducts  a  world-wiae  syston 
of  exchanges  of  books  and  objects  of  natural  history,  havmg  <m 
its  lists  the  names  of  nearly  3,000  correspondents  in  aU  countries 
where  science  is  cultivated,  to  whom  its  publications  are  regularly 
sent,  and  from  whom  returns  reach  its  archives.  The  Smithsonian 
Contributions  (quarto)  have  now  reached  seventeen  ponderou 
volumes,  filled  with  original  memoirs.  Its  Miscellaneous  Ck>Dtii> 
butions  (Svo)  arc  composed  of  (mostly)  original  memoirs  on  nato- 
ral  history,  meteorology,  and  other  departments  of  science  de- 
signed to  aid  those  engaged  in  original  work.  These  objects,  with 
the  custody  of  its  collections,  the  care  of  its  buildings,  and  the 
payment  of  its  staff*,  required  a  wise  and  frugal  administration  of 
its  funds  to  avoid  the  shoals  of  insolvency.  Under  the  conduct 
of  its  distinguished  Secretary,  and  his  Assistant  Secretary,  Pro£ 
Baird,  the  Smithsonian  Institution  has  attained  a  position  of  com- 
manding influence  for  good  in  matters  of  science.  A  Greneral  In- 
dex of  these  annual  Reports  at  the  close  of  the  thirtieth  volume 
(that  for  187o)  would  add  greatly  to  their  value. 

2.  JSeventh  Annual  Report  of  the  Trustees  of  the  Peabodj/ 
Museum  of  American  Archo&ology  and  Ethnology,  42  pp.  8vo. 
Cambridge,  1874. — The  Report  opens  with  an  account  of  the 
Agassiz  collection  obtained  during  the  voyage  of  the  Hassler,  with 
descriptions  of  the  crania  and  other  specimens.  One  microcephalic 
skull,  from  Ancon,  of  an  individual  not  quite  adult,  has  the  interml 
capacity  33  cubic  inches,  or  44  per  cent  of  the  average  Peruvian 
cranium,  and  much  smaller  than  the  crania  of  some  Peruvian  chil- 
dren not  over  seven  years  of  age.  Tliough  probably  idiotic,  there 
are  no  marked  signs  of  it.  The  closing  article  is  on  Human  Re- 
mains in  the  Shell  Heaps  of  the  St.  John  River,  East  Florida,  in 
which  the  author,  Prof  Wynian,  presents  reasons  for  believing  thst 
cannibalism  was  practised  by  the  Indians.  In  evidence  of  this,  it 
is  stated  that  the  bones  were  not  deposited  as  in  ordinary  burial, 
but  scattered  in  a  disorderly  manner;  secondly,  they  were  broken, 
as  if  reduced  to  a  size  suitable  for  the  vessels  used  in  cooking; 
thirdly,  there  was  a  degree  of  method  in  the  breaking  of  them, 
showing  that  it  was  not  done  by  wild  animals. 

3.   Geological  Survey  of  Hokkaido :   Yesso  Coals.     A  Bmmi 
by  Hbnby  S.  Munboe,  E.M.     39  pp.  12mo.    TokeL    1874.   Pub- 
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iiflhed  by  the  Kaita  Kushi. — This  handsomely  printed  report  ^in 
English)  reaches  us  throagh  Mr.  B.  8.  Lyman,  chief  geologist 
ind  mining  engineer.  Mr.  Munroe  has  made  thorough  work  of 
die  Yesso  coals,  giving  in  a  series  of  tables  both  proximate  and 
iltimate  analyses,  and,  with  the  latter,  a  calculation  of  the  calorific 
power,  evaporative  power,  and  temperature  of  combustion.  The 
sreological  norizon  of  the  Yesso  coals  is  not  given,  but  we  infer 
bom  the  following  remark  by  Mr.  Munroe  that  they  are  probably 
rf  Tertiary  age.  "  It  will  be  seen  on  inspecting  this  table  "  (com- 
[Muntive  table  of  coals  from  different  parts  ox  the  world)  "  that 
these  Japanese  coals  are  widely  removed  by  this  composition  from 
ill  coals  of  similar  age,  and  can  be  compared  with  the  oest  Carbon- 
iferoas  coals.  They  are  therefore  neither  lignites  nor  brown  coals^ 
tmt  true  bituminous  coals.''  This  statement  the  analyses  given 
fiillv  sustains. 

Mr.  Lyman  states  the  whole  thickness  of  workable  and  proba- 
bly eooa  coal,  in  the  Kayanoma  field  to  be  at  least  thirty-five  feet, 
chiefly  in  beds  of  firom  three  to  seven  and  a  half  feet  thick. 

4.  SuppUments  avac  Notes  sur  les  Tremhlements  de  Terre 
r€M9entis  de  1840  a  1868 ;  pp.  70,  Bruxelles,  1873 ;  and  Note  sur  les 
IVenMements  de  Ttrre  en  1870  avec  Suppliment  potir  1869;  par 
ML  Alexis  Pebbby,  Professeur  Honoraire  a  les  Facult^s  des 
Sciences  de  Dijon;  pp.  146,  Bnixelles,  1874. — These  are  papers 
presented  by  Prof.  Perrey  to  the  Royal  Academy  of  Belgmm, 
and  published  in  volumes  xxiii  and  xxiv  respectively  of  their 
Memoires.  They  bring  down  his  published  records  to  the  close 
of  1870.  The  former  adds  many  notices  to  those  previously  pub- 
lished for  the  years  1843-1868.  In  the  latter,  the  supplement  for 
1869  occupies  60  of  the  146  pages.  In  connection  with  a  slight 
trembling  reported  at  Pulkova,  Sept  20,  1867,  the  author  notices 
several  observations  of  slight  earthquakes  made  known  only  by 
the  unosual  oscillation  of  the  levels  of  astronomical  instruments. 

C.  G.  B« 

6.  JBlue  Pigment  of  the  Egyptians, — Fifteen  centuries  before 
the  Christian  era,  the  Egyptians  appear  to  have  been  acquainted 
with  the  preparation  of  three  distinct  kinds  of  blue  pigment,  pre- 
pmred  from  mixtures  of  sand,  soda,  and  lime,  with  oxide  of  copper. 
One  of  these  fine  colors  has  been  lately  examined  by  M.  Henri  de 
Foutenay,  who  contributes  a  paper  on  the  subject  to  the  June 
number  of  the  Anncdes  de  Chtmie,  The  investigation  was  con- 
ducted in  Peligot's  laboratory,  at  the  Conservatoire  des  Arts  et 
Metiers,  and  some  examples  of  the  blue  frit  were  then  made  at  the 
N'ational  Porcelain  Factory  at  Sevres,  under  M.  Salv^tat.  The 
iathor  publishes  not  only  analyses  of  ancient  specimens,  but  reci- 
pes for  their  imitation.  A  mixture  of  70  parts  of  white  sand,  25 
ot  chalk,  15  of  oxide  of  copper,  and  6  of  dry  carbonate  of  soda, 
^Ided,  when  fritted  together,  a  blue  material  said  to  be  equal  in 
Dolor,  texture,  and  durability  to  the  ancient  examples. — Athenoeum^ 
June  20. 

6.  Magnetic  Observatory  in  China — A  magnetic  observatory 
lias  been  established  at  Zi-ka-Wei,  in  China,  under  the  superintend- 
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ence  of  Father  Dechevrens.  A  first  Report  of  the  diurnal  varia- 
tion and  of  the  magnetic  intensity  for  part  of  March  and  April 
last,  has  been  received  in  this  country,  finom  which  we  eather  that 
the  mean  of  the  declination  is  1**  63'  59*8"  W.,  of  the  inclination, 
46^  13'  13*7'',  and  of  the  intensity,  6*92833.  A  complete  set  of 
self-recording  magnetographs,  by  Adie,  has  been  forwarded  to  this 
new  observatory;  and  as  Father  Dechevrens  and  his  assistant 
have  been  well  instructed  in  their  use,  we  may  hope  that  a  series 
of  valuable  observations  of  the  phenomena  of  magnetism  will  be 
obtained. — Athena^m^  June  20. 

7.  Festschrift  znr  Feier  dee  hunderljdhrigen  Bestehene  der  GekR- 
schaft  Naturforschender  Freunde  zu  Berlin.  264  pp.  4to. — Con- 
tains papers  presented  at  the  centennial  of  this  Society,  July  9th, 
1873.  The  authors  are  Ehrenberg  (on  the  phosphorescence  of  the 
ocean),  Kammelsberg  (on  the  chemical  nature  of  some  minerals), 
Rose  (on  the  meteoric  iron  of  Eqiiique),  Gerstscher  (on  the  ^lo^ 
phology  of  Orthopt^ra  amphihiotica)^  Dr.  Gustav  Fritsch,  L.  Kny 
(on  the  axillary  buds  of  the  Florideae),  P.  Magnus,  K  v.  Martens, 
W.  C.  n.  Peters  (on  Dinomys,  from  Peru),  Dr.  P.  Ascherson  and 
Otto  MtlUer.     The  volunje  is  illustrated  by  twenty  plates. 

8.  American  Association  for  the  Advancement  of  Science,— 
The  twenty-third  meeting  opens  at  Hartford,  CoDnecticut,  on 
Wednesday,  the  12th  of  August,  at  10  o'clock.  Members  should 
report  on  arrival  at  the  State  House,  where  will  be  the  head- 
quartere  of  the  Association. 

9.  Fre7ich  Association  for  the  Advancement  of  Science,— Th^ 
French  Association  for  the  Advancement  of  the  Sciences  is  to  hold 
its  third  meeting  this  vear  at  Lille,  the  session  commencing  on  the 
20tb,  and  closing  on  tne  27th,  of  August.  A  local  committee  has 
organized  scientific  excursions,  under  the  direction  of  M.  Eohl- 
mann,  corresponding  member  of  the  Academy  of  Sciences,  assisted 
by  the  mayor  of  the  town  and  other  eminent  persons.  The  Presi- 
dent of  the  Association  for  the  present  year  is  M.  Ad.  Wurtt— 
Athena^imy  June  20. 

10.  Academy  of  Sciences^  Paris.  —  A.  DeCandolle  has  been 
elected  Foreign  Associate  in  place  of  Professor  Agassiz.  The  ifX- 
eign  members  of  the  Academy  of  this  highest  ^rade  are  entitled 
to  take  part  in  all  elections,  and  enjoy  all  the  privileges  of  the  mem- 
bers in  Paris.  M.  von  Kokscharow,  of  St.  Petersburg,  has  been 
made  Corresponding  Member,  in  place  of  Professor  Sedgwick. 

11.  University  of  Oxford. — The  chair  of  Geology  at  Oxford, 
made  vacant  by  the  death  of  Professor  Phillips,  has  been  well 
filled  by  the  appointment  of  Mr.  Joseph  Prestwich,  F.R.S.,  F.6.S. 

12.  ll(df  Hour  Becreations  in  Popular  Science.  (Estes  &  Lan* 
riat,  Boston.) — No.  1 1  of  this  series  contains  an  article  by  Robert 
Hunt,  F.R.S.,  on  Coal  as  a  Reservoir  of  Power,  and  another  hj 
Professor  Clifford,  on  Atoms. 

13.  On  tlie  so-called  Land- Plants  of  the  Lower  Silurian  of 
Ohio. — On  page  113  of  this  volume,  six  lines  from  the  top,  after 
the  word  exceptions,  insert— and  those  of  a  very  few  foreign 
Lycopodiaceous  plants :  a  clause  inadvertently  omitted,    j.  s.  v. 
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Abt.  XV. — On  the  possible  Vcuridbility  of  the  Earth's  Axial  Bota- 
tum^  as  investigated  by  Mr.  Olasenapp  ;  by  SiMON  Newgomb. 

In  the  Dumber  of  this  Journal  for  September,  1870,  I  called 
attentdon  to  the  fact  that  there  were  apparent  inequalities  of  lon^ 
period  in  the  motion  of  the  moon,  which  had  not  oeen  accounted 
for  by  the  gravitation  of  the  known  bodies  of  the  solar  system, 
and  suggested  that  they  must  be  accounted  for  in  one  of  three 
ways:  either  (1)  there  are  inequalities  in  the  motion  of  the 
moon,  due  to  the  gravitation  of  the  sun  and  planets,  which  have 
hitherto  eluded  mathematical  computation ;  or  (2)  the  motion 
of  the  moon  is  affected  by  the  action  of  some  other  forces  than 
that  of  gravitation ;  or  (3)  the  time  of  the  earth^s  rotation  on 
its  axis,  and  therefore  the  length  of  its  sidereal  day,  is  subject 
to  irregular  variations  of  long  period.  Of  these  three  exhaustive 
hypotheses  the  second  was  shown  to  be  improbable,  because  such 
forces  would  be  likely  to  produce  either  regular  inequalities  of 
short  period,  or  progressive  secular  variations,  instead  of  the 
very  slow  and  irregular  changes  actually  observed.  If,  then, 
the  first  hypothesis  were  excluded,  we  should  have  to  fall  back 
on  the  thira  as  the  most  probable  explanation. 

The  investigation  of  tne  ^rst  hypothesis  is  a  purely  mathe- 
matical process,  admitting  in  theory  of  being  carried  through 
with  any  degree  of  rigor.  Since  the  publication  of  the  paper  in 
question  I  have  been  engaged  in  this  investigation,  and  although 
tne  pressure  of  other  engagements  has  prevented  its  completion, 
it  is  so  far  advanced  as  to  make  it  quite  improbable  that  there 
are  any  other  inequalities  of  long  period  in  the  motion  of  the 
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moon  produced  by  the  gravitation  of  the  planets  than  the  one 
due  to  the  action  of  Venus,  discovered  by  Hansen.  Assuming 
provisionally  that  this  result  is  correct,  and  that  the  gravitation 
of  the  known  bodies  of  our  system  cannot  produce  the  observed 
inequalities  of  long  period,  we  are  forced  to  accept  the  hypoth- 
esis of  the  variability  of  the  sidereal  day  as  a  provisional  theory. 
At  the  same  time,  so  long  as  we  have  no  independent  proof  of 
such  variability,  it  cannot  be  accepted  as  an  established  fact  It 
therefore  becomes  verv  desirable  to  find  some  independent  test 
of  the  invariability  or  the  sidereal  day.  In  the  paper  referred 
to  it  was  remarked  that  observations  of  the  interior  planets, 
especially  transits,  might  afford  such  a  test  But  it  has  since 
occurred  to  me  that  eclipses  of  the  first  satellite  of  Jupiter 
miffht  afford  a  yet  better  and  more  decisive  test  The  definitive 
and  exhaustive  application  of  this  test  would  require  the  com- 

Jlete  re-investigation  of  both  the  theory  and  observations  of 
upiter*s  satellites,  a  work  for  which  I  have  collected  some  of 
the  materials,  but  which  I  have  not  been  able  even  to  com- 
mence. 

There  is,  however,  one  circumstance  which  rendered  the  sa^ 
isfactory  application  of  the  test  very  easy.  Granting  that  tlie 
inequalities  were  really  to  be  accounted  for  by  changes  in  the 
earth's  rotation,  the  most  extraordinary  and  sudden  change  of 
which  we  have  knowledge  occurred  about  1860.  The  velocity 
of  rotation,  which  for  the  ten  or  twenty  years  previous  had  been 
rather  slower  than  the  average,  was  then  suddenly  accelerated, 
so  as  to  cause  a  subsequent  gain  of  perhaps  a  second  per  annum, 
which  continued  at  least  till  1872.  Collecting  all  the  accessible 
observations  of  Jupiter's  first  satellite  from  1860  to  1871,  a 
similar  change  seemed  to  be  indicated  by  them,  but  it  was  only 
about  half  as  great  as  that  indicated  by  the  moon,  and  no 
greater  than  its  possible  error ;  so  that  the  result  did  not  in  any 
considerable  degree  affect  the  probability  of  the  hypothesis 

Last  summer  I  learned  that  Mr.  Glaaenapp,  of  the  Pulkowa 
Observatory,  was  engaged  in  an  extended  investigation  of  recent 
observations  of  the  satellites  of  Jupiter;  and,  as  it  seemed 
desirable  that  the  proposed  tesf  of  tlie  hypothesis  should  be 
made  by  anotlier,  I  requested  Mr.  Glasenapp  to  try  whether  the 
times  of  the  eclipses  ot  the  first  satellite  would  be  better  repre- 
sented when  they  were  corrected  for  the  hypothetical  changes 
in  the  earth's  rotation.  Assuming  the  earth  to  be  correct  at  the 
epochs  1840  and  1870,  we  should  have  earth  time  slow  by  the 
following  amounts  at  certain  other  epochs : 


Year. 

B. 

Year. 

B. 

Year. 

s. 

I860-6 

+   2 

1862-5 

+  11 

1868*5 

+  2 

1856-6 

+    6 

1864-5 

+  10 

1870-6 

0 

1860*5 

+  10 

1866-5 

+   6 

1872-5 

-  2 
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Mr.  Glasenapp  has  just  published  his  paper  in  the  Russian 
language,  the  concluaing  part  of  which  is  aevoted  to  this  in- 
vestigation. He  has  also  sent  me  the  following  more  extended 
account  of  his  investigation,  from  which  I  omit  the  citation  of 
the  original  observations. 

"  A  great  many  preparations  for  the  expedition  of  the  transit 
of  Yenus,  and  the  publishing  of  a  Russian  memoir  on  the 
observations  of  Jupiter's  first  satellite,  have  not  allowed  me 
to  take  up  the  question  of  the  variability  of  the  earth's  axial 
rotation,  which  you  proposed  to  me  some  time  ago.  But  now  I 
have  investigated  this  very  interesting  question,  and  the  result 
seems  to  me  to  be  satisfactory,  so  that  your  hypothesis  is  very 
probabla 

"  In  the  investigation  I  have  chosen  the  two  following  ways : 
(1)  I  have  tried  it  the  corrections  of  noon : 

Year 


1845 
1850 
1855 
1860 
1862 
1864 
1866 
1868 
1870 
1872 


+   1'^ 
--  2 

--  5 

+  10 

--11 

--10 

--  6 

-.  2 

0 
_    o 


(1) 


you  sent  to  me  in  your  letter  dated  October  2-i,  1878,  ap- 
plied to  the  observed  times  of  the  eclipses  of  Jupiter's  first 
satellite,  will  bring  them  in  better  agreement  with  the  tables  of 
Damoiseau  than  the  uncorrected  observations.  The  result  I 
obtained  is  fevorable,  that  is,  the  observations  corrected  by  the 
quantities  (1)  are  represented  better  than  the  uncorrected  ones : 
Uius  your  corrections  seem  to  be  real. 

"(2.)  I  determined  the  corrections  of  Damoiseau's  ecliptic 
tables  of  the  first  satellite  for  44  different  epochs  (22  epochs  from 
eclipse  disappearing  and  22  from  eclipse  reappearing),  and  it  was 
eviaent  that  these  corrections,  and  consequently  the  corrections 
of  noon  (when  the  cx)rrection8  of  Damoiseau's  tables  are  con- 
sidered as  constant  quantities)  change  in  the  same  manner  as 
the  corrections  (1^  you  obtained  from  the  observations  of  the 
moon,  and  that  tneir  periodicity  is  very  near  the  same  you 
have  found. 

"  Allow  me  to  communicate  to  you  the  whole  investigation 
of  this  interesting  problem. 

1.  First  investigation, 

**  All  the  observations  of  the  eclipses  of  the  first  satellite 
(as  disappearing,  as  reappearing)  from  1848  till  1873,  which  I 
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could  find  in  astronomical  literature,  have  been  reduced  to 
a  homogeneous  form,  that  is,  they  were  corrected  for  the  influ- 
ence of  the  difierent  dimensions  of  object  glasses,  for  the  in- 
fluence of  Jujpiter^s  different  zenith-distances  at  the  time  of 
observation,  for  the  influence  of  different  distances  of  Jupiter 
from  the  earth,  and  for  the  influence  of  all  other  circumstaDces 
which  may  change  the  apparent  brightness  of  the  satellite,  and 
which  can  be  taken  into  consideration.  Each  observation  gives 
an  equation  of  condition  of  the  form : 

aj+A .  y+P .  «+(C  -0)=0,  (2) 

where  x  is  the  correction  of  the  ecliptic  tables,  ^  the  distance  of 
Jupiter  from  the  earth,  y  the  correction  of  the  adopted  veloc- 
ity of  light  (493" "2  by  Delambre),  and  p.  s  a  correction  to  be 
applied  to  the  observations  for  aifferent  distances  of  the  satel- 
lite from  the  center  of  Jupiter.  The  member  p.  z  must  be  intro- 
duced in  the  equation  of  condition,  because  all  the  reductions 
of  the  observations  are  made  by  Bailly's  formula*  (plus  a  con- 
stant member  C),  which  is  probably  imperfect 
"  The  solution  of  the  equations  (2)  gives : 

a.  Edipee  disappearing.  (.  Edipae  rei^ypeariiig. 

x^ =— 60-6±8«-0  « I = -  9-V)±:8*'0 

y^=-|-10-62±l-74  y,=-l-47!±:l-26         (8) 

Zo=  — 197it3-54  «j=-+-l-60db2-66 

{y^  and  y,  are  the  probable  errors  of  an  observation  whose 
weight  is  unity.) 

*'  Then  the  same  observations  were  corrected  by  the  quan- 
tities (1)  and  discussed  in  the  same  manner  as  the  uncorrected 
observations ;  the  result  will  enable  us  to  see  if  the  corrections 
(1)  represent  better  the  observations  of  the  eclipses. 

'*Each  corrected  observation  gives  us  an  equation  of  condi- 
tion of  the  same  form  as  (2) : 

ar+^y+p.«+(C-O,)=0,  (4) 

in  which  only  the  last  member  O ,  has  another  signification, 
because  the  observed  times  of  the  eclipses  are  all  corrected  bj 
means  of  the  table  (1).  The  solution  of  these  equations  give 
the  following  results : 

a.  Edipee  disappearing.  h,  Edipee  reappearing. 

aj'o=— 42-3±7-9  aj'i=— 8-7=b6*-0 

y'oZ=+6-83dil-72  y\zz=-l-12±l-24     (5) 

«'o=-0-64±3-50  2\z=+l-82±2-62 

*'  If  you  compare  the  values  of  the  probable  errors  y^^  Yx^ 
y'oy  y'  li^^  hoik  cases,  you  will  see  that  by  means  of  the  correc- 

*  Hiatoire  de  TAcad^nie,  Paria,  mdoolxxi,  p.  680. 
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tions  (1)  the  observations  of  the  eclipses  of  Jupiter's  first  satel- 
lite are  represented  somewhat  better  than  the  uncorrected 
observations.  Therefore  we  can  conclude  that  these  correc- 
tions may  be  real,  aad  that  your  hypothesis  on  the  variability 
of  the  earth's  axial  rotation  may  be  trua 

2.  Second  Investigation. 

"  The  second  way  I  choose  for  the  decision  of  the  same  ques- 
tion is  to  determine  the  corrections  of  the  ecliptical  tables  of 
the  first  satellite  for  different  epochs,  and  to  deduce  fix)m  these 
corrections  the  corresponding  ones  of  mean  noon  for  the  same 
epocha 

"The  values  of  x^,  y^,  z^  and  x,,  y,,  z,  (8),  which  were 
deduced  from  the  observations  without  the  quantities  (1)  give 
the  following  corrections  of  Damoiseau's  tables : 

(1.)  Correction  of  the  tabular  mean  longi- 
tude of  Jupiter's  first  satellite, 

(2.)  Correction  of  the  tabular  semi-duration 
of  the  eclipse, 

(3.)  Correction   of  Delambre's  velocity  of 

light  (of  the  quantity  of  493"-2) =z-|-7"-64d:l-02 

(4.)  Value  of  2,  which  is  negative  for  dis- 
appearances of  the  satellite,  and  pos- 
itive for  his  reappearance, =P*73d:2"*07 

and  with  these  values  we  correct  the  moments  of  eclipses  as 

gven  in  the  Nautical  Almanac  (Damoiseau's  tables)  and  calcu- 
te  the  quantities  (C— O) — that  is:  calculation — observation 
— ^for  each  eclipse  observed  since  1848. 

"  From  these  quantities  we  derive  the  following  corrections 
of  Damoiseau's  ecliptic  tables  of  the  first  satellite. 

(.  Edipse  Tei^pearmg. 

C— O       Weight 

—  16-7 

-  4-6 
-16-4 
-30-7 


=  -49«-lib4*-8 


a.  Edipee  disappearing. 

C-O  Weight 

1848-86  +  6-9  A'1 

49-22  -I-  6-7  3-4 

5000  +22-7  2-4 

5110  +  9-2  5-3 

52-70  +22-2  1-6 

55-60  4-33-2  2-0 

56-58  +20-9  4-7 

57-72  +16-3  22-7 

58-82  +11-5  7-7 

59-90  -I- 22-9  2-0 

61-22  +14-5  3-3 

62-17  +29-0  2-9 

63-15  +22-0  3-6 

64-28  +  4-7  7-5 

66-45  +22-6  1-8 

67-63  +33-9  2*6 


1848-24 
49-27 
50-32 
53-50 
55-70 
56-97 
58-10 
59-15 
60-21 
61-30 
62-32 
63-37 
64-60 
65-70 
66-72 
67-82 


-17-2 
-11-5 
-12-2 

-  5-9 

-  6-3 
+  4-4 

-  12-7 
—28-3 
-11-5 
-27-8 
-18-8 
-16-9 


7-7 
8-5 
7-6 
1-9 
2-7 
3-6 
4-5 
0-7 
8-1 
0-9 
4-4 
3-6 
1-6 
0-7 
3-3 
4-9 
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a.  Bdipee  disappearing.  6.  Ekdipae  reappearing. 


C-O 

Weight. 

C-O 

WdgliL 

1868-66     - 

-33-8 

2-0 

1808*83 

-16-5 

6-7 

69-76     - 

-16-2 

12-5 

69-45 

-28-3 

2-0 

70-84     - 

-  8-4 

6-8 

70-05 

-24-2 

1-8 

71-90     - 

-   2-6 

9-6 

71-14 

-20-6 

8-0 

72-60     +  6-8 

8-2 

72-21 

—17-4 

21-9 

73-26     +160 

10-2 

78-24 

-16-5 

26-4 

"  To  discuss  these  corrections  by  the  method  of  least  saaares, 
let  us  adopt  the  following  form  for  the  equations  of  condition : 

aJ-hA:(«-.^o)+'w(^-#J«+C-0=0, 

where  t  is  the  year  of  observation,  t^  =1861-00,  x  the  correction 
of  the  tables  for  1861-00,  k  and  m  the  co-efficients  to  be  deter- 
mined &om  the  observations. 

**  From  these  equations  we  obtain  the  following  normal  equa- 
tions : 

a.  Edipee  diai^pearing. 

+   126-9aj+     259-3A:       +     8227m  +   1718=0 

+  269-3a;+   8227    k       +  36467m  +   1706=0 

+  8227    a; +  36467    k       +  923396m  +85480=0 

(.  Bdipee  reappearing. 
+   140-535+     455-6A:         +     12239m-     2111-8=0 
+  456-6as  + 12289    k         +     65150m-      9823    =0 
+  1223*9fl;+66150    k         +  1568741m- 196478    =0 

which  give  for  a;,  k,  and  m  the  values: 

a.  Edipee  disappearing.  b.  Edipee  reappearing. 

ao=-17-76       =tl.25  {C,  =  +  12'69       ±0-86         ) 

A;o  =  +   0-083l7diO-1553         ^,=  +  0-25118ib0-09l72  V      (7) 
mo=+   006245di0-02l78     m,=  +  0-0l763ifc0-01356  ) 

**If  the  reduced  observations  were  quite  homogeneous,  no 
diflFerence  should  be  found  between  the  quantities  k  and 
7?i,  deduced  respectively  from  the  disappearances  and  reap- 

f)earances  of  the  first  satellite;  but  the  difference  we  have 
bund  between  the  two  values  of  k  and  m  is  larger  than  their 
probable  errors  allow  it,  so  that  properly  we  have  no  right  to 
take  the  mean  of  the  values  k^  ana  A,,  m^  and  m,,  and  to  con- 
sider it  as  the  most  probable  value  of  m  and  A.  Still  we  take 
these  means  and  consider  them  as  the  most  probable  values 
because  we  do  not  know  the  cause  of  this  aiscordance,  and 
cannot  therefore  make  any  other  combination  of  the  values  k^ 
with  k , ,  and  m  ^  with  m , . 

"  The  combined  values  of  x,  k  and  m  are 

a;=+3"-62     ±0*71 

k=z+  0-2076diO-0783    }■  (8) 

m=+  0-3006±0-01151 
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"  The  probable  error  of  k  is  very  large  in  comparison  with 
ts  whole  value,  and  this  arises  from  the  want  of  a  sufficient 
lumber  of  observations  of  the  eclipsea  Indeed,  if  you  consider 
;he  corrections  of  Damoiseau's  tables,  you  can  easily  see  that 
rery  few  observations  are  made  during  many  years,  and  during 
K>iiie  not  at  all. 

'^  By  means  of  the  quantities  (8)  we  calculate  the  following 
corrections  of  the  tables  for  the  same  e{>ocha,  for  which  you 
>btain  the  corrections  (1) : 

1860-5  +4"«1 

.3-4 


65-5  +3' 

60-6  +8-4 

62-5  +3-9 

64-5  +4-6 

66-5  +6-5 

68-6  +6-8 

iQ'b  +8-2 

72-6  +9-9 


(9) 


i.nd  if  the  corrections  of  the  tables  may  be  considered  as 
x^nstant  quantities,  the  values  (9)  with  opposite  signs  will  be 
he  coin-ections  of  noon  plus  any  constant  quantity ;  thus  when 
¥6  change  the  signs  in  the  quantities  (9)  and  add  to  each  of 
ihem  the  constant  +7*  "9,  so  that  at  1872*5  the  correction  of 
loou  shall  be  the  same  as  you  have  found  (1),  we  obtain  the 
Tollowing  values  for  the  correction  of  noon. 


Gorrection  of  noon. 

Correction  by  Su  Newoomb. 

1860-6 

+  3'' 

+  r 

65-6 

+4 

+   6 

60-6 

+6 

4-10 

62-6 

+4 

+  11 

64-6 

+8 

+  10 

66-5 

+  2 

+   6 

68-6 

+  1 

+  2 

70-6 

0 

0 

72-6 

-2 

—  2 

"  The  comparison  of  these  series  shows : 

1.  That  the  change  of  the  corrections  is  similar  in  both  series. 

2.  That  the  periods  are  very  near  each  other. 
8.  That  the  maxima  coincide. 

"  Although  the  corrections  themselves,  in  both  series,  differ 
much  from  each  other,  ao  that  they  alone  cannot  give  us  the 
right  to  make  any  conclusion  on  their  reality,  but  as  the  disap- 
pearances of  the  first  satellite,  as  the  reappearances  (a)  give 
the  same  sign  for  the  values  of  k  and  m,  (6)  that  the  change  of 
the  corrections  (^)  is  similar  in  both  series,  (c)  that  the  periods 
of  these  changes  are  very  near  the  same,  in  both  cases,  and  {d) 
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that  the  maxima  coincide, — ^it  seems  to  me  that  we  have  the 
whole  right  to  ascribe  reality  to  your  remarkable  hypothesis  on 
the  variability  of  the  earth's  axial  rotation." 

On  this  paper  of  Mr.  Glasenapp  I  remark  that  the  case  does 
not  seem  to  me  so  well  made  out  as  he  considers  it  The 
hypothesis  to  be  tested  is  not  simply  that  the  rotation  of  the 
earth  is  variable,  but  that  the  outstanding  errors  in  the  moon's 
place  are  due  to  this  variation.  The  hypothesis  can  be  made 
more  probable  only  by  showing  that  tne  eclipses  of  Jupiter's 
satellites  are  better  represents  when  the  hypothetical  cor- 
rections are  applied.  Now,  by  some  unfortunate  concurrence 
of  errors  of  theory  or  observation,  the  results  from  Jupiter's 
satellite  seem  to  fall  just  half  way  between  the  two  hypothe- 
ses, (1)  of  invariable  sidereal  day,  and  (2)  of  such  variable 
sidereal  day  as  will  account  for  the  apparent  errors  of  lunar 
theory,  and  therefore  leave  the  question  undecided. 

The  question  may,  however,  arise,  whether  the  corrections  of 
"  earth  time"  already  cited  are  the  only  ones  which  will  repre- 
sent the  motion  of  the  moon.  On  this  I  remark  that  there  is 
one  doubtful  term  of  long  period  in  Hansen's  tables  of  the 
moon  which  I  did  not  taKe  out  in  making  the  comparison  on 
which  the  above  correction  is  founded.  This  term  is  that 
depending  on  the  lon^tude  of  the  moon's  node,  which  Hansen 
has  found  more  than  a  second  larger  than  Airy  and  others 
have  from  ob3er\'^ations.  I  shall,  therefore,  determine  the  out- 
standing mean  errors  in  the  lunar  theory  when  we  take  from 
Hansen  s  tables ;  (1)  the  excess  of  his  secular  acceleration  over 
theory,  6*''4T* ;  (2)  the  empirical  term  depending  on  the  action 
of  Venus ;  and  (3)  the  above  mentioned  excess  of  his  value  of 
the  19  year  term,  assuming  it  to  be  1".      The  following  table, 


^AAF 

Correctiol 
Oreenwich. 

1  given  by 
Wathington. 

Concluded 
Correction 

Brrort  of  Hansen  1i  Theory. 

Corrections  of-       . 
pure  theory.  i»*"" 

a.) 

a) 

(10 

(l.) 

a)  .■"^• 

1860 

+  0-3 

-I's 

OH) 

+  0*06 

+  0*66 

+  0*7 

+  1*3 

1 

-0-4  -0^ 

61 

+  1-6 

+  01 

+  1-3 

0*04 

0-45 

+  1*4 

+  2-8 

+  l-4+2-t 

62 

+  0-9 

«■•«•• 

+  0-9 

+  003 

0-36 

+  1-6 

+  2-3 

+  1-2  1+2-3 

66 

+  10 

M    W     W     * 

+  1-0 

000 

009 

+  0.3 

+  1-4 

+  1-6   +2-8 

67 

+  1-6 



+  1-6 

»  s  ••  w 

002 

—0-1 

+  1-4 

+  1-8   +3-4 

68 

+  20 

+  1-6 

+  1-8 

M    M    M     M 

005 

-0-4 

+  1-4 

+  21   +4-0 

62 

+  2-4 

+  2-4 

+  2-4 

M    W     M     W 

005 

-1-0 

+  1-4 

+  3-3    +6-3 

63 

+  2-2 

+  1-2 

+  1-7 

0.00 

002 

-0-8 

+  0-9 

+  3-1. +5*9 

64 

+  01 

-1-0 

-0-4 

+  001 

009 

-0.6 

-0-9 

+  1-6! +3-0 

66 

-11 

-2-4 

-1-7 

0-01 

0-14 

-0-3 

-1-6 

+  1-3   +2& 

66 

-2-2 

-2-6 

-2-4 

002 

0*20 

0-0 

-2-2 

+  0-9! +1-7 

67 

-3-9 

-4*1 

-40 

003 

0*28 

+  0*3 

-3-4 

0-0  1     0-0 

68 

-4-4 

-4-6 

-4-6 

0-03 

0-36 

+  0-6 

-3-5 

+  0*2   +0*4 

69 

-4-6 

-6-6 

-6-0 

004 

0-45 

+  0-8 

-3-7 

+  0-3   +0*6 

70 

-6-0 

-61 

-6-6 

005 

0-66 

+  0-9 

-40 

+  0-3  li- 0-6 

71 

-70 

-7-2 

-71 

006 

0-67 

+  1-0 

-6-4 

—0-8  -1-5 

72 

-7-8 

-7-8 

+  0-07 

+  0-80 

+  10 

-6-9 

-1-0  -H 
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partly  taken  from  my  fonner  paper,  shows  the  correction  of 
Hansen's  tables  ffiven  by  the  Greenwich  and  Washington  ob- 
servations, and  the  modification  of  the  theory  just  mentioned. 
In  the  second  column  of  "corrections  to  pure  theory,"  the 
theoretical  annual  motion  of  the  moon  is  supposed  to  be  dimin- 
ished by  0"-80. 

The  diflference  between  the  numbers  in  the  last  column  and 
those  formerly  cited  arises  almost  entirely  from  the  change  of 
1"  in  the  value  of  Hansen's  nineteen-year  coefficient  Let  us 
now  treat  Mr.  Glasenapp's  residuals  by  a  method  intermediate 
between  the  two  whicn  he  adopts.  T  have  divided  his  re- 
siduals into  ten  groups,  and  in  order  to  make  the  observations 
of  ingress  and  egress  comparable,  have  corrected  them  as  fol- 
lows: 

The  ingress  residuals  by  — 16-2+0"-08  (^— 1861-0) 

The  egress  residuals  by  +13-4  +0-25  (^— 1861-0) 

and  have  then  taken  the  mean  by  weights  of  each  group.  The 
results  are  as  follows : 


EoDoeBa  of  Theory  over 

db^ervaUon, 

IngrooB. 

Egress. 

Combined. 

C-O. 

Dttte. 

C-O. 

Wt. 

Date. 

C-O. 

Wt. 

Date. 

Uncorrect'd 

Corrected. 

Wt. 

1849*0 

-  9-4 

8 

1848-8 

a. 
+   01 

16 

1848-9 

s. 
-3-1 

B. 

-21 

24 

60-7 

-  2-6 

8 

60-3 

-  4-7 

8 

60*6 

-3-6 

-3-6 

16 

62-7 

+   6-2 

2 

63-6 

-19-2 

2 

53-1 

-6-6 

-90 

4 

66-3 

+   9-0 

7 

66-4 

-  1-9 

6 

66-3 

+  3-9 

+  0-9 

13 

68-5 

-  0-4 

30 

68-8 

+  4-9 

14 

68-6 

+  1-3 

-2-7 

44 

61-] 

+   6-7 

8 

61-0 

+   6-7 

13 

61-1 

+  6-1 

+  01 

21 

63-7 

-  1-1 

16 

63-7 

-  8-8 

6 

63-7 

-30 

-8-5 

21 

67-6 

+  161 

6 

67-8 

-  2-6 

16 

67-8 

+  2-3 

+  1-7 

22 

70-6 

-  4-0 

9 

70-7 

-  6-9 

12 

70-6 

-6-2 

-5-2 

21 

72-6 

-  8-1 

28 

72-8 

-  0-6 

48 

72-7 

-3-4 

-1-4 

76 

The  columns  C-O  show  the  residuals,  (1)  when  the  length  of 
the  day  is  supposed  uniform ;  (2)  when  the  times  are  corrected 
for  hypothetical  "  earth  slow"  from  the  last  column  of  the  last 
tabla  We  have  now  to  see  which  series  can  be  best  repre- 
sented by  an  expression  increasing  uniformly  with  the  time. 
Solving  oy  least  squares  we  find  the  expressions  to  be  : 

Uncorrected  residuals  =-0»-80-0'»-100(^— 1860-0) 
Corrected  residuals      =- 245+ 0-039(f— 1860-0). 

Subtracting  the  value  of  these  expressions,  we  find  the  residuals 
gtill  outstanding  to  be  as  follows  : 
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Unoorrectod.  Oomoted.  Wt 

— 3»'4  +0'-8  24 

—3  -7  —0  -8  16 

—6  -4  —6  -3  4 

+  4  -3  +8  -6  13 

+2-0  -0-2  44 

+  7-0  +2-5  21 

^1  -8  -6  -2  21 

+  3-9  —3  -8  22 

—3  -3  —3  -2  21 

—1  -2  +0  -6  76 

It  will  be  seen  that  of  the  ten  residuals,  all  but  one  are  diminished 
by  the  application  of  the  hypothetical  corrections.  Although 
the  observations  are  too  uncertain,  and  the  residuals  too  irr^- 
ular,  to  regard  this  result  as  proving  the  hypothesis,  yet  it 
seems  to  me  to  render  it  worthy  of  reception  as  bein^,  in  the 
present  state  of  our  knowledge,  the  most  probable  explanation 
of  the  outstanding  differences  of  long  period  between  the  theo- 
retical and  observed  longitude  of  the  moon. 


Art.  XVL — Researches  in  Acoustics :  by  Alfred  M.  Mayeb. 

Paper  Na  6. 

(Continued  from  paf<e  109.) 

5.  Six  Experimental  MeOiods  of  Sonorous  Analysis  described  and 

discussed 

The  remarkable  discoveries  in  sound  made  in  these  later 
times  by  Helmholtz  were  owing,  in  great  part,  to  his  having 
early  seen  the  necessity  of  obtaining  precise  knowledge  of  the 
composition  of  sounds, — by  means  of  the  methods  of  sonorous 
analysis  which  he  had  devised, — before  one  could  attempt  to 
give  an  explanation  of  the  causes  of  timbre,  of  the  mechanism 
of  audition,  and  of  the  physiological  causes  of  musical  har- 
mony ;  and  furthermore,  he  reduced  all  of  the  analytic  methods 
and  explanations,  contained  in  his  classical  work,  to  a  harmo- 
nious system,  by  showing  how  they  naturally  flowed  from  the 
fertile  theorem  of  Fourier.  As  Helmholtz  distinctly  states: 
"  In  lotzter  Instanz  ist  also  der  Grund  der  von  Pythagoras 
aufgefundenen  ration ellen  Verhaltnisse  in  dem  Satze  von  Fou- 
rier zu  finden,  und  in  gewissem  Sinne  ist  diese  Satz  als  die 
Urquelle  des  Generalbasses  zu  betrachten."  (Tonempfindungen, 
p.  846.) 

The  evident  importance  of  the  subject  of  sonorous  analyffls 
will  probably  render  interesting  the  few  remarks  I  here  ven- 
ture to  oflfer  on  this  subject     I  will  describe  in  order  six  meth- 
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ods  of  sonorous  analysis.  Methods  1,  2  and  5  have  been  used 
by  Helmholtz  and  Konig.  Methods  8,  4  and  6,  as  far  as  I 
know,  originated  with  ma  To  render  comparable  all  of  the 
experiments  which  I  shall  describe,  I  shall  always  use  one  com- 
posite sound  of  uniform  intensity  by  sounding  with  a  blast  of 
constant  pressure  an  Ut,  Greni^  free-reed  pipe,  from  which  has 
been  removed  its  reinforcing  pyramidal  pipa 

(1.)  Arudysis  by  means  of  Resonators  applied  directly  to  the  ear. 

This  method  of  Helmholtz  is  so  well  known  that  it  need  not 
here  be  described,  but  I  will  give  some  experiments  which  I 
have  made  on  its  degree  of  precision  under  the  head  of  the 
sixth  method  of  analysis,  to  be  described. 

(2.)  Analysis  by  means  of  Resonators  connected  mth  K6nig'*s 

manometricjlames. 

This  is  the  least  delicate  and  accurate  of  all  methods  of  sono- 
rous analysis,  but  it  has  a  value  in  giving  an  objective,  ocular 
illustration,  which  is  sometimes  of  usa  I  do  not,  however,  here 
refer  to  the  use  of  a  manometric  flame  placed  in  connection  with 
a  conical  pipe,  into  which  one  sings,  and  which  instrument  in 
the  hands  of  Konig  has  done  such  admirable  work  in  the  analy- 
sis of  the  vowel  sounds ;  but  I  refer  to  the  harmonic  series  of 
resonators  connected  with  as  many  flames  which  bum  near  a 
long  revolving  mirror. 

The  following  experiments  will  show  the  degree  of  delicacy 
of  the  above  apparatus.  I  sounded  the  reed  pipe  with  its  max- 
imum intensity  when  it  was  about  one  foot  from  the  center  of 
the  series  of  resonators,  and  produced  well  marked  serrations 
in  the  Utj  and  Ut^  flames,  but  the  other  flames  showed  only 
slightly  indented  top  borders.  It  was  only  when  I  sang  loudly 
Vtg  or  sounded  this  same  note  on  a  French  horn  that  the  edges 
of  the  flames  became  deeply  serrated. 

(3.)  Analysis  by  means  of  Reso^iators  which  are  successively 
brought  near  the  source  of  origin  of  a  composite  sound  and 
thus  successively  reinforce  all  of  its  sonorous  elements. 

If  we  take  any  two  resonators  separated  by  a  known  inter- 
val, and  vibrate  before  them  the  forks  of  this  interval,  we  can 
carry  these  sounds  in  the  memory.  Now  close  the  nipples  of 
the  resonators  with  wax  and  successively  bring  their  mouths 
near  the  origin  of  the  composite  sound.  If  the  simple  sounds 
to  which  the  resonators  are  tuned  exist  as  components  of  the 
Bound,  we  shall  hear  them  singing  out  clearly  above  the  general 
chorus  of  the  other  harmonics.  Thus  I  have  often  successfully 
shown  to  an  audience  the  composition  of  a  composite  sound. 
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(4.)  Analysis  by  means  of  Resonant  booses  carrying  solid  bodki 
tuned  in  unison  with  the  sounds  to  which  the  air  in  these  bom 
resounds. 

This  method  is  an  excellent  one  when  the  composite  sound 
can  be  obtained  with  intensity,  when  the  boxes  are  aocoratelj 
in  tune  with  the  solid  bodies  (forks  or  strings)  attached  to  th^ 
and  when  the  boxes  are  in  unison  with  the  sonorous  elements 
of  the  composite  sound  which  we  would  analyze.  The  last 
mentioned  condition  is  not  always  fulfilled  in  the  boxes  on 
which  forks  have  been  sometime  mounted,  for  the  former  are 
apt  to  change  their  interior  capacity  by  warping.  This  fact 
can  readily  be  ascertained  by  partly  introducing  the  hand  into 
the  mouth  of  the  box,  and  noting  the  effect  on  the  intensity  of 
the  sound. 

This  method  of  analysis  is  similar  to  the  one  previously  d^ 
scribed ;  for  the  resonant  box  of  a  fork  acts  lite  a  resonator 
and  can  be  used  to  intensify  any  harmonic  of  a  composite  sound; 
but  there  is  an  important  dinerence  in  the  methods,  for  &e 
fork  or  the  string  being  in  unison  with  the  proper  note  of  the 
mass  of  air  in  the  box,  is  set  in  vibration  by  the  latter,  so  that 
after  the  box  has  been  removed  from  the  vicinity  of  the  origin 
of  the  composite  sound,  and  the  latter  has  ceased,  we  find  tnat 
the  fork  sings  out  alone,  and  thus  shows  that  it  has  selected 
from  a  chorus  of  harmonics  that  one  which  is  in  unison  with 
its  own  tone.  I  have  thus  been  able,  by  placing  one  fork  after 
another,  of  the  series  of  the  harmonics  of  the  Ut,  reed,  to  show 
the  composition  of  its  sound  to  a  laree  audience  with  entire 
satisfaction.  I  have  also  succeeded  witn  the  following  experi- 
ment. Forcibly  sound  the  reed,  and  place  around  the  opening 
of  its  "  stump"  all  of  the  eight  forks,  of  the  harmonic  series  oi 
Utg,  with  the  mouths  of  their  resonant  boxes  toward  the  reed. 
After  the  reed  has  sounded  for  a  few  seconds,  stop  it,  and  we 
shall  iind  that  all  of  the  forks  are  in  vibration ;  and  thus  singing 
together,  they  approximately  reproduce  the  sound  of  the  reed. 
This  experiment  to  succeed  requires  the  resonant  boxes,  the 
forks,  and  the  harmonics  of  the  reed  to  be  in  exquisite  unison. 

(5.)  Analysis  by  means  of  the  beating  of  simple  sounds  of  kncnen 
pitch  with  t/ie  harmonics  of  the  composite  sound  to  be  analytti 

If  we  use  forks  for  the  simple  sounds,  it  will  be  bettff 
slightly  to  flatten  or  sharpen  the  note  of  the  sound  to  be  anal- 
yzed. Then  knowing  the  number  of  beats  that  the  fundamen- 
tal of  the  note  gives  with  its  corresponding  fork,  we  can  desig- 
nate the  number  of  any  other  harmonic  by  the  number  of  beats 
it  makes  with  a  fork  of  known  pitch ;  for  the  number  of  beats 
observed,  when  referred  to  the  number  of  beats  of  the  fimda- 
mental  as  unity,  will  be  directly  as  the  number  of  the  harmonic 
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in  the  series.  If  we  cannot  well  alter  the  pitch  of  the  compo- 
site souDd,  then  it  will  be  well  to  use  forks  with  sliding  weights 
on  graduated  prongs,  or  loaded  strings  accurately  tuned  and 
provided  with  meter  scales.  In  this  system  of  analysis  it  is 
yery  important  to  guard  against  being  led  astray  by  the  beating 
of  resuUant  tones;  therefore,  the  forks  or  strings  should  be 
gently  vibrated  and  resonators  used  to  assist  the  ear. 

(6.)  Analysis  by  means  of  a  loose  mentbrane  which  receives  the 
composite  sonorous  wave  and  traiismits  its  vibrations  through 
JUaments  or  light  rods  to  a  series  of  forks  mounted  on  their 
resonant  cases. 

This  method  of  analysis  is  the  one  we  devised  in  our  experi- 
mental confirmation  of  Fourier's  theorem  and  described  in  sec. 
1  (pp.  82-84).  We  here  wish  to  call  attention  to  the  precision 
of  this  method  of  analysis,  while  at  the  same  time  acknowledg- 
ing the  delicate  instrumental  conditions  required  to  use  it  suc- 
cessfully. The  principal  interest  attached  to  it  is  that  it  shows 
in  a  vivid  manner  the  operation  of  the  instantaneous  decompo- 
sition of  a  composite  wave  into  its  elementary  pendulum-vibra- 
tions. The  method  has  also  peculiar  interest  as  showing,  in 
the  most  striking  manner,  the  exaltation  of  the  action  of  very 
feeble  periodic  impulses  to  such  degrees  of  intensity  as  to  set 
into  synchronous  vibration  very  large  masses  of  matter ;  and  it 
may  be  well  before  we  discuss  the  subject  proper  of  this  section 
to  call  attention  to  this  very  interesting  result,  as  set  forth  in 
the  following  experiment  with  our  apparatus.  To  the  mem- 
brane, covering  the  hole  in  the  box  of^tne  reed-pipe,  I  attached 
one  end  of  a  fiber  of  silk-worm  cocoon,  one  meter  long  and 
weighing  one  milligram.  The  other  end  of  the  fiber  was 
oemented  to  the  face  of  a  prong  of  an  Ut,  fork.  This  fork 
weighed  1,500  grams,  while  the  top  of  its  resonant  box  and  the 
lir  m  the  latter  weighed  respectively  102  and  22  grama  There- 
fore, the  fiber  set  in  motion  1,624,000  times  its  own  weight  by 
only  a  fraction  of  the  force  which  traversed  it,  and  even  this 
force  was  a  yet  more  minute  fraction  of  the  whole  energy  of 
the  aerial  vibrations  produced  by  the  reed. 

An  experiment  like  the  above  is  instructive  as  an  analogical 
illustration  of  the  manner  in  which  we  may  imagine  an  setherial 
vibration  to  produce  chemical  decomposition  by  causing  such 
powerful  synchronous  vibrations  in  the  molecules  of  compounds 
as  to  shake  their  atoms  asunder;  and  we  have  already  seen 
how  very  feeble  impulses  sent  through  a  medium  of  great  ten- 
uity can,  when  rapidly  recurring  and  of  the  proper  period,  pro- 
duce mechanical  effects  which  at  first  sight  appear  incrediole. 
Time  is  required  in  both  cases  to  produce  an  appreciable  action. 
The  time  required  in  the  case  of  the  sonorous  vibrations  de- 


174  A.  M.  Mayer — iZlBMorc^  in  AwujMcb. 

creases  as  their  number  per  second  increases,  and  in  the  case 
of  the  setherial  vibrations  we  have  analogical  phenomena.  In 
the  acoustical  experiment,  if  the  fork  be  much  out  of  tune  with 
the  pulses  transmitted  by  the  fiber,  no  motion  is  produced  in 
the  Ibrk ;  likewise,  we  may  imagine  that  when  the  period  of 
vibration  of  one  or  more  of  the  constituent  atoms  of  a  certain 
molecule  is  far  removed  from  unison  with  any  of  the  etherial 
vibrations  falling  upon  it,  no  motion,  or  chemical  decomposi* 
tion,  will  ensua 

The  analogy  between  the  two  classes  of  phenomena  is  yet 
more  striking  when  we  remember  that  the  forte  selects^  from  the 
composite  vibratory  motion  which  traverses  the  fiber,  only  that 
vibration  which  is  in  unison  (or  only  slightly  removed  from 
unison)  with  its  own  proper  periodic  motion  ;  so,  likewise  the 
molecule,  or  atoms  of  the  molecule,  select  only  those  vibrations 
from  the  ray  which  are  in  unison  with  their  own  atomic 
periods ;  and  on  the  tuning  of  the  atom  depends  whether  the 
result  of  the  action  of  the  ray  will  evince  itself  as  heat,  phos- 
phorescence, chemical  action,  or  fluorescence. 

The  following  experiments  show  that  the  method  of  analysis 
we  are  now  discussing  surpasses  in  delicacy  and  sharpness  of 
definition  any  other  method  in  which  sympathetically  vibrating 
bodies  are  employed.  As  already  shown,  the  forks  select  from 
the  composite  vibratory  motion  which  strikes  them  only  those 
simple  vibrations  whicn  are  in  unison  with  their  own  vibratory 
periods.  This  remark,  however,  reauires  some  modifiication, 
though  the  qualification  necessary  is  less  than  is  required  when 
other  similar  methods  of  analysis  are  used.  In  all  cases  of  co- 
vibration  there  is  a  certain  range  of  pitch,  above  and  below  the 
sound  which  is  in  unison  with  the  existing  vibration,  through 
which  the  co-vibrating  body  responds.  The  farther  the  remove 
from  unison  the  weaker  the  response.*  But  in  some  cases  a 
slight  remove  of  the  pitch  from  unison  will  cause  a  great 
diminution  in  the  intensity  of  the  co-vibrations,  while  in  others 
the  same  departure  from  unison  causes  only  a  alight  or  even 
inappreciable  change  in  their  intensity.  For  example,  I  con- 
nected the  Utg  fork — the  second  in  the  harmonic  series  of  Ut, — 
to  the  membrane  on  the  Ut^  reed,  and  sounded  the  latter  au^ 
ing  a  few  seconds.  After  the  reed  was  silent,  I  heard  the  fork 
sounding  with  intensity. f     But,  on  loading  the  fork  with  a 

*  See  Helmholtz^s  Tonempfindungen,  p.  217,  for  the  law  oonneodng  the  ▼ariaticm 
of  intensitj  of  oo-vibration  with  the  variation  of  pitch  in  the  ezisttng  body. 

f  It  is  perhaps  hardlj  necessary  to  state  that  in  all  of  these  experiments  I  finC 
ascertained  that  when  the  fiber  was  detached  from  the  fork,  Uie  latter  did  not 
emit  a  sound  caused  by  the  action  of  the  intervening  vibrating  air.  This  condi- 
tion is  readily  attained  by  screening  the  mouths  of  the  resonant  boxes,  or  liy 
turning  these  mouths  away  from  the  sounding  reed.  Also,  I  should  here  stete 
that  the  reed  was  tuned  to  the  fork  after  t£e  fiber  was  stretched  between  tiie 
latter  and  the  membrane  on  the  reed-pipe. 
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piece  of  wax,  so  that  it  gave  five  beats  per  second  with  the 
note  of  the  fork  when  unloaded,  I  could  not,  by  any  variation 
in  the  tension  of  the  fiber  or  of  any  other  circumstances  of  the 
experiment,  set  in  vibration  the  fork  by  means  of  the  pulses 
sent  from,  the  reed  through  the  fiber ;  yet,  on  placing  the  nipple 
of  an  Ut,  resonator  in  my  ear,  I  perceived  that  this  flattened 
note  of  the  fork  produced  a  decided  resonance,  thus  showing 
that  although  the  fork  could  not  respond  to  its  own  note 
flattened  five  beats  per  second,  yet  the  resonator,  under  the  same 
circumstances,  did  enter  into  sympathetic  vibration.  When  the 
fork  gave  fi)ur  beats  per  second  it  responded  to  the  reed,  but 
this  response  was  only  audible  on  placmg  the  ear  close  to  the 
month  of  the  fork's  resonant  box.  With  three  beats  per  second 
the  sound  of  the  fork  was  readily  perceptible,  while  the  resona- 
tor reinforced  it  very  decidedly.  When  the  fork  was  out  of 
unison  two  beats  per  second,  its  sound  was  slightly  increased ; 
and  with  a  departure  of  one  beat  per  second,  the  response  of  the 
fork  was  yet  stronger,  but  greatly  inferior  in  intensity  to  that 
produced  when  the  fork  was  in  unison  with  its  proper  sound— 
the  second  harmonic  of  the  reed  ;  vet  the  resonator  reinforces 
this  flattened  sound  as  forcibly  as  it  does  that  which  emanates 
firom  the  unloaded  fork.  These  facts  concerning  the  want  of 
sharpness  in  the  detection  of  pitch  by  means  of  resonators  are 
not  in  accordance  with  the  statements  made  in  recent  popular 
works  on  sound,  where  the  resonator  is  described  as  remaming 
dumb  until  the  exact  pitch  to  which  it  is  tuned  is  reached,  when 
it  responds  with  a  suddenness  which  has  been  compared  to  an 
explosion  I 

The  fork,  the  stretched  fiber  and  the  intensity  of  the  sound 
of  the  reed  remaining  in  the  same  conditions  as  in  the  above 
experiments,  I  gradually  unloaded  the  fork  until  it  made  only 
one  beat  in  eight  seconds,  and  yet  even  this  slight  departure  from 
unison  with  the  second  harmonic  of  the  reed  was  evident  in  the 
difference  in  the  intensities  of  the  fork's  responses  when  thus 
loaded  and  when  the  wax  was  removed.  This  fact  I  have 
repeatedly  confirmed  by  testing  the  intensities  of  the  two 
sounds  by  different  hearers,  who  were  placed  so  that  they  could 
not  see  when  the  fork  was  loaded  or  unloaded.  Now  E.  H. 
Weber  has  found  that  only  the  most  accomplished  musical  ears 
can  distinguish  between  the  pitch  of  two  notes  whose  vibrations 
are  as  1000  to  1001,  but  by  the  above  method  we  can  readily 
detect  a  departure  from  unison  in  the  two  notes  amounting  to 
the  interval  of  2000  to  2001,  or  to  the  ris^h  of  a  semitone. 

In  connection  with  the  preceding  observations,  the  following 
experiments  on  resonators  and  sympathetic  vibrations  may  be  of 
interest.  I  substituted  for  the  ear  the  manometric  flames  of 
Konig,  viewed  in  a  revolving  mirror,  and  tested  the  response  of 


176  A,  M.  Mayer — BetearcKeB  m  Aemttlic*, 

the  resonators  to  sounds  not  in  accord  with  their  proper  nota. 
The  results  agreed  with  those  previoosly  obtained  on  placing 
the  resonator  to  the  ear.  I  now  mounted  an  Ut,  forK  on  its 
resonant  case,  and  soundin?  it  strongly  before  all  the  resonators 
of  the  harmonic  series  of  Ut,,  I  caused  all  of  the  menometiic 
flames  connected  with  these  reaonatoni  to  vibrate,  each  giving 
the  same  number  of  serrations  as  when  the  Ut,  fork  was 
brought  near  its  own  resonator.  The  same  result  was  obtained 
when  the  fork  was  separated  from  its  case,  with  this  important 
difference,  however,  that  when  the  face  of  fork  Ut,  was  brought 
near  the  mouth  of  the  Ut,  resonator,  the  flame  connected  with 
this  resonator  gave  at  the  same  time  serrations  belonging  to 
both  Ut,  and  to  Ut,,  and  this  result  accords  with  the  folfow- 
ing  experiment  If  one  sounds  the  Ut,  fork  on  its  box,  and 
brings  the  mouth  of  the  latter  near  the  mouth  of  the  box  of  the 
Ut,  fork,  the  Ut,  fork  will  co-vibrate,  and  iS\et  Ut,  has  ceased 
to  vibrate,  Ut,  will  sound  out  quite  clearly.  If,  however,  Ut, 
be  lowered  in  tone,  by  weightmg  it  with  a  piece  of  wax,  bo 
that  it  gives  two  beats  per  second  with  its  proper  tone,  then  the 
Ut^  fork  cannot  be  set  into  sympathetic  vibration  by  impul 
from  Utj.  Also,  if  forks  Ut,  and  Ut,  be  detached  ttn 
their  l<oxes,  and  fork  Ut,  be  strongly  vibrated  while  thafl 
of  one  of  its  prongs  remains  quite  close  and  parallel  to  tbeil 
of  a  prong  of^ fork  Ut,,  the  latter  >b  Bet  in  vibration  by  the  i 
pulses  of  Utj  sent  through  the  intervening  air.  Fork  Ut, 
now  loaded  so  that  it  successively  made  1,  3,  S,  and  4  \ 
per  second  with  the  true  Ut,  pitch.  When  it  made  3  b 
per  second,  it  caused  Ut,  to  vibrate  so  feebly  as  to  be  t 
audible,  while  4  beats  per  second  departure  of  Ut,  from  u 
produced  no  eflFect  on  Ut,. 

The  following  experiment  was  now  made  to  show  the  1 
of  precision  in  the  determination  of  the  exact  piteli  ofsotiDl 
elements  by  means  of  resonators.     We  have  juBt  seen  ^Mtt 
Ut,  fork  could  not  vibrate  the  Ut,  fork  when  both  forlte  i 
on  their  cases,  and  when  Ut,   was  flattened  by  two  bei 
second :  and  also  that  a  departure  of  four  beats  per  t 
prevented    Ut,    from    setting  Ut,   in  sympathetic  vib(_ 
when  Ixjth  forks  were  off  their  resonant  cases,  and  with-^. 
prongs  close  and  parallel  to  each  other.     But,  when  thft^ 
fork  wa.'i  loaded  so  that  it  mnde  from  15  to  20  beats  wit' 
proper  tone,  it  caused  the  serrations  of  the  Ut,  resonator  II 
pear,  accompanied  by  the  serrations  of  its  ootnve.     The*i 
fork,  although  it  developed  the  serrations  belonging  to  ifaafi 
pitch  when  brought  opposite  the  Ut,  resonator,  yet  did  an 
as  might  have  been  expected,  — develop  its  own  tone   and  I 
octave  when  brought  near  the  moutli  of  the  Ut,  resonator. 
is  probably  not  necessary  to  add  that  the  above  effects  of  simol- 
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luieoiiBly  derelopii^  in  the  Same  the  serrationB  of  the  proper 
Bote  of  a  refionator  and  those  of  its  octave  are  only  produced 
when  the  fundanieiital  sound  is  intense. 

(7,)  7^  Curve  of  a  Musicai  Ifote,  formed  by  combining  the  tinu- 
toida  of  its  first  six  harmonica  ;  and  the  curves  formed  by  com- 
bining the  curves  of  musical  notes  correspoTiding  to  various 
consonant  intervals. 

We  have  already  seen  that  any  composite  vibration,  which 
prodocee  in  us  the  sensation  of  a  musical  note,  can  always  he 
i^iodnced  hy  the  simaltaneous  production  of  a  certain  numher 
ti  the  simple  sounds  of  a  harmonic  series,  provided  these  sim- 
ple soQDds  have  the  proper  relative  intensities.  Therefore  to 
otrtain  the  resultant  curve  corresponding  to  a  musical  note,  we 
drnron  one  axis  its  harmonic  components  with  their  proper 
mve-Iengthfi  and  amplitudes,  and  the  algebraic  sums  of  their 
swrespODding  ordinates  are  the  ordinates  of  the  required 
nniltant  curve. 


0  Jtjukal  yote  ;  hd-if]  thr  rtsulluul  itf  Ih-  strnph  vihndims  .,j  ili,  fint  r 
harmomci. 
4m.  Jotm,  Sol.— Tai"D  &biiik8,  Vol.  VUI,  No.  *B.— Sbpt.,  1874, 
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Fig.  S  is  the  curve  of  a  musical  note,  being  the  reealtant  ol 
the  simple  vibratioDa  of  its  first  six  humoDics.  The  first  nx 
harmonics  having  been  drawn  on  a  common  axis,  I  erected  600 
equidistant  ordinates,  snd  extended  these  ordiQates  some  dis- 
tance below  the  axis  on  which  I  desired  to  constroct  the  rasolt- 
ant  The  algebraic  sum  of  the  ordinates,  passing  throQgh  tlie 
harmonic  curves,  were  transferred  to  the  corresponoiDg  onunatM 
of  the  lower  axis,  and  by  drawing  a  continuoos  line  througb 
these  points,  I  formed  the  resultant  curve;  The  first  six  htr- 
monics  are  aloue  used  in  the  combinations  which  I  have  given, 
because  the  7th,  9th,  11th  harmonics,  and  the  miyor  niunber  of 
those  above  the  12th,  form  dissonant  combinations  with  the  Iowct 
and  more  powerful  harmonics.  Indeed,  the  hamKnia  above 
the  6th  are  purposely  eliminated  from  the  notes  of  the puno  by 
striking  the  string  in  tJic  neifrltborluxid  (if  it*  7th  nodal  poinL 
The  amplitudes  of  the  harmonica  of  fig.  3  are  made  to  vary  a- 
the  wave-length  ;  not  that  this  variation  represents  the  general 
relative  intensities  in  such  a  composite  sound,  but  they  were  so 
made  to  bring  out  atroncly  the  characteristic  Sesures  of  ibt 
resultant  To  simplify  the  consideration  of  the  carves,  tbey 
are  all  represented  with  the  same  phase  of  initasl  vibiatioii. 
Of  course  the  resultants  have  an  infinite  variety  of  fonn,depeiiii' 
ing  on  the  difference  in  the  initial  phase,  and  on  the  amplitudes 
of  the  harmonic  elements. 
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Id  figs.  4,  6  and  6,  I  have  drawn  the  resultant  curves  formed 
by  coim)iniiig  the  curves  of  musical  notes  corresponding  t«  the 
Tuions  consonant  intervals  indicated  below  the  curves.  As 
these  Carres  are  the  reeultants  funned  by  the  combination  of  the 
composite  vibrations  of  musical  notes,  it  follows  that  the  com- 
ponents of  these  curves  are  not  simple  harmonics,  as  in  the  case 
of  fig.  8,  but  are  derived  from  the  rmidtant  of  fig.  8.  by  reduc- 
ing to  one-fonrth  the  amplitude  of  that  curve  and  by  taking 
wave-lengths  corresponding  to  the  intervals  indicated  below  the 
figures. 


■rt  of  tte  curves  which  I  have  given  in  this  paper  were  first 
Era  on  a  large  scale  and  then  reduced  by  photography  to  a 
•  suiUhUle  to  be  transferred  to  the  engraver  s  block. 
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(8.)  Siperimenta  in  which  are  produced  from  the  above  tuna 
(mc  Oj  the  Motions  of  a  Moketth  of  Air  when  it  ia  animatai 
with  the  resuttant  action  of  the  six  ^mentory  vibrations  fon^ 
ing  a  mvsical  note;  or  is  set  in  motion  by  the  combined  octim 
of  sonorous  vibrations  forming  various  musicat  iniervais. 
We  ma;  imt^ioe  the  curve  corresponding  to  a  musical  sote^ 
represented  in  fig.  S,  as  formed  by  the  trace  of  a  vibntiDg 
molecule  of  air,  or  of  a  point  of  the  tjmmnic  membrane,  os  a 
surface  which  moves  near  these  points.    Therefore  if  we  slide 
this  curve  along  its  axis,  under  a  slit  in  a  screen  which  allows 
only  one  point  of  the  curve  to  appear  at  once,  we  shall  repro- 
duce in  this  slit  the  vibratory  motion  of  the  aerial  molecule  and 


of  the  point  on  the  tympanic  membrane  I  have  ezbibited  tUs 
motion  in  a  continuous,  or  rather,  recurring  manoer,  as  follows: 
On  a  piece  of  Bristol  board  I  drew  a  circle,  and  in  one  qoadmrt 

of  this  circle  I  drew  500  equidistant  radii.  On  these  mdii,  ts 
ordinates,  I  transferred  the  corresponding  values  of  the  Hune 
ordinates  of  the  resultant  of  fip.  S,  diminished  to  one-fourth  of 
their  lengths.  I  thus  deflected  the  axis  of  curve  fig.  3  into  one- 
fourth  of  a  circle  curve ;  and  this  repeated  four  times  on  tbe 
Bristol  board,  rendered  the  curve  continuous  and  four  limea 
recurring,  as  shown  in  flg.  7.     I  now  cut  this  curved  figure  out 
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of  the  board  and  used  it  as  a  template.  I  placed  the  latter 
centered  on  a  glass  disc  of  20  inches  in  diameter.  The  disc 
was  covered  on  one  side  with  opaque,  black  varnish,  and  with 
the  template  and  the  separated  points  of  a  pair  of  spring-divid- 
ers, I  removed  from  the  glass  disc  a  sinuous  band,  as  shown  in 
fig.  7.  The  glass  disc  was  now  mounted  on  a  horizontal  axis 
and  placed  in  front  of  a  lantern  the  diameter  of  whose  condens- 
ing lens  was  somewhat  greater  than  the  amplitude  of  the  curve. 
The  image  of  that  portion  of  the  curve  wnich  was  in  front  of 
the  condenser  was  now  projected  on  a  screen,  and  then  a  piece 
of  card  board  having  a  narrow  slit  cut  in  it  was  placed  close  to 
the  disc,  with  the  slit  in  the  direction  of  one  of  its  radii  On 
now  revolving  the  disc  I  reproduced  on  the  screen  the  vibratory 
motion  of  a  molecule  of  air,  or  of  a  point  on  the  tvmpanic  mem- 
brane, when  these  are  acted  on  by  the  joint  impulses  of  the  first 
six  harmonic  or  pendulum  vibrations,  forming  a  musical  note. 
On  slowly  rotating  the  disc  one  can  readily  follow  the  compound 
vibratory  motion  of  the  spot  of  light ;  but  on  a  rapid  revolu- 
tion  of  the  disc,  persistence  of  visual  impressions  causes  the 
spot  to  appear  lengthened  into  a  band ;  out  this  band  is  not 
equally  illuminated — ^it  has  six  distinct  bright  spots  in  it,  beauti- 
fully snowing  the  six  inflections  in  the  curve. 

By  Btiddng  a  pin  in  the  center  of  fig.  7,  as  an  axis  about 
which  levoIveB  a  piece  of  paper  with  a  fine  slit,  the  reader  can 
gain  some  idea  of  the  complex  motion  which  I  have  described. 

From  the  curves  of  figures  4,  6  and  6  can  similarly  be  repro- 
duced their  generating  motions.  Of  course  it  is  understood 
that  in  all  ih^  cases  the  amplitude  of  these  vibrations  are 
enormoud^  magnified  when  compared  with  the  wave-lengths, 
and  that  it  is  really  only  when  the  amplitudes  of  the  elementary 
pendulum  vibrations  are  infinitely  small  that  the  resultant 
curves  we  have  given  can  be  rigorously  taken  as  representing 
what  they  purport  to ;  for  the  law  of  the  ^^  superposition  of  dis- 
placements '  depends  on  the  condition  that  the  force  with  which 
a  molecule  returns  to  its  position  of  equilibrium  is  directly 
proportional  to  the  amount  of  displacement,  and  this  condition 
only  exists  in  the  case  of  infinitely  small  displacements ;  yet 
the  law  ho.ds  ^ood  for  the  majority  of  the  phenomena  of  sound 

As  a  periodic  vibration  can  alone  produce  in  the  ear  the  sen- 
sation of  sound,  and  as  the  duration  of  the  ])eriod  is  always 
equal  to  the  least  common  multiple  of  the  periods  of  the  pen- 
dulum vibrations  of  the  components,  it  follows  that  in  the  case 
of  a  simple  sound,  or  of  a  sound  formed  of  a  harmonic  series, 
that  the  period  equals  the  time  of  one  vibration  of  the  funda- 
mental ;  out  in  the  case  of  any  other  combinations  the  duration 
of  the  period  of  the  recurring  vibration  increases  with  the  com- 
plexity of  the  ratio  of  the  times  of  vibration  of  the  compo- 
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nents ;  thus,  the  durations  of  the  following  combinations  are 
placed  after  them  in  fractions  of  a  second. 

C,+E,+G,+C,  =  TT*^  of  a  second. 
The  above  mentioned  facts  suggest  a  curious  physiological 
inquiry,  viz :  Does  it  require  a  combination  of  sounds,  simple 
or  composite,  to  remain  on  the  ear  the  duration  of  an  entire 

Seriod,  in  order  that  it  shall  give  the  same  sensation  as  is  pro* 
uced  when  the  same  combinatiod  is  sounded  continuously? 
In  other  words,  will  a  portion  of  the  recurring  composite  Yibra- 
tion  produce  the  same  sensation  as  an  entire  period  or  several 
periods?  The  solution  of  this  problem  has  been  the  object  of 
a  prolonged  experimental  research,  but  up  to  this  time  the  re- 
sults have  been  so  di£5cult  of  interpretation  that  I  have  not 
arrived  at  any  certain  knowledge  on  the  subject  I  shall,  how- 
ever, return  to  this  interesting  but  very  difficult  work. 


Art.  XVII. — Description  of  a  new  Apparatus  for  Ghu  Anafysis; 

by  C.  W.  Hinman. 

Some  time  since,  having  occasion  to  make  some  analyses  of 
illuminating  gas,  I  read  descriptions  of  several  forms  of  appa- 
ratus for  that  purpose,  but  failed  to  find  one  which  appeared 
quite  satisfactory. 

An  apparatus  was  desired  which  should  be  as  far  as  possible 
free  from  fragile  or  costly  parts,  and  which,  without  being  too 
complicated,  should  require  no  corrections  to  be  made  for  varia- 
tions in  the  pressure,  temperature,  or  aqueous  vapor;  reliable 
results  rather  than  minute  accuracy  being  desired. 

The  apparatus  finally  adopted  operates  on  the  same  princi- 
ples as  W  illiamson  &  Russell  s,*  except  that  in  my  apparatus  the 
gas  is  not  exploded  in  the  measuring  tube,  but  in  a  bulb  for 
that  special  purpose.  The  trough  is  nearly  the  same  as  that  of 
Doy^re,t  ana  pipettes  ai'e  also  used. 

The  apparatus  as  made  consists  of  a  measuring  tube  a,  about 
280  mm.  long,  about  20  mm.  in  diameter,  divided  into  fortieths 
of  an  inch  and  calibrated  with  mercury  as  described  by  Buusen. 
The  tube  is  firmly  held  by  a  clamp  on  the  end  of  the  rod  S, 
which  rod  slides  up  and  down  in  c,  and  is  clamped  in  any  posi- 
tion by  the  screw  d.  A  slow  motion  is  given  to  c,  and  thus  to 
the  measuring  tube,  by  means  of  the  milled  headed  nut  «,  which 
works  along  a  thread  cut  on  the  rod  f  which  is  firmly  secured 

♦  Chem.  Soc.  J.,  [2]  ii,  238. 

f  For  flgurefl  and  description  of  Doydre's  Eudiometer,  see  Ad.  Wurts  Diotko- 
naire  de  Ghemie,  I,  p.  280,  fig.  42. 
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to  the  body  of  the  apparata&  The  screw  g  can  be  turned  in  so 
that  its  end  just  fits  into  a  longitudinal  slot  in  the  rod  /  By 
thifl  means  e  is  prevented  from  turning  around  /  and  the  meas- 
uring tube  can  thus  be  kept  exactly  over  its  well :  or  g  can  be 
used  to  clamp  c  in  any  position.  The  pressure  tube  h  is  about 
200  mnL  long,  and  has  the  same  diameter  in  the  upper  part  as 
the  measuring  tube :  the  lower  part,  which  is  about  50  mm.  lon^i 
has  a  diameter  of  only  6  mm.  A  mass  of  lead,  covered  witn 
sealing  wax,  is  attached  to  the  lower  part  of  A,  so  that  when  it 
is  fiUed  with  air,  it  will  keep  upright  when  it  is  suspended  from 
an  eye  at  the  top.  The  pressure  tube  is  hung  by  a  wire  from 
the  end  of  the  arm  t^  which  slides  with  friction  along  the  rod/* 
The  mercurial  trough  is  of  cast  iron,  and  consists  of  the  plate  Ij 
which  is  about  180  mm.  square,  16  mm.  thick,  and  has  a  groove 
in  its  upper  surface  10  mm.  wide,  6  mm.  deep,  and  6  mm.  from 
the  edge ;  the  well  £,  which  is  about  240  mm.  deep  and  80 
mm.  in  inside  diameter ;  and  the  side  well  m,  for  the  pipette, 
which  is  of  the  same  depth  as  £;  but  part  of  it  extends  40  mm. 
above  the  top  of  I;  m  is  10  mm.  wide  and  90  mm.  broad.  The 
wells  m  and  k  have  walls  6  mm.  thick.  Of  course  £,  I  and  m 
are  all  cast  in  one  piece.  The  groove  in  I  has  cemented  into  it, 
by  means  of  a  cement  comi)os€3  of  beeswax  and  rosin,  a  rec- 
tangular trough  of  plate  glass  5  mm.  thick,  cemented  with  the 
same  cement  mto  a  sheet-iron  frame/,  which  is  made  by  bend- 
ing a  sheet  of  the  right  size  into  a  box  without  ends,  and  then 
cutting  out  the  sides  so  as  to  leave  only  a  strip  12  mm.  wide 
on  each  edge.     The  legs  n  are  screwed  on  to  the  plate  I 

The  pipette  consists  of  a  bulb  o,  of  a  little  larger  capacity 
than  the  measuring  tube,  open  at  one  end  and  at  the  other 
melted  to  a  tube  about  5  mm.  in  diameter,  having  a  bore  of  1 
mnL,  bent  so  that  when  it  is  put  into  the  side  well  m,  the  point 
of  the  pipette  can  be  brought  directly  under  the  measuring 
tuba  The  other  end  of  the  bidb  is  joined  to  the  end  of  a  piece 
of  ffood  rubber  tubing,  about  800  mm.  long,  with  rather  thick 
walls  and  small  bore,  the  other  end  of  which  is  connected  with 
a  small  syphon  which  dips  to  the  bottom  of  a  strong  glass  bot- 
tle Pj  of  rather  larger  capacity  than  the  bulb  o.  Immediately 
below  the  bulb  is  a  screw  clip  q.  The  pipette  is  held  in  a  stand 
devised  by  my  assistant,  Mr.  Lewis.  It  consists  of  two  discs  of 
wood  rr  (cut  away  so  as  to  fit  the  bulb),  to  which  are  screwed 
three  rods  of  iron  S8,  so  as  to  hold  the  bidb  between  the  discs  and 
at  the  same  time  form  a  tripod  to  support  the  pipette.  The 
pipette  tube  is  supported  by  being  attached  to  a  semi-cylindrical 
piece  of  metal  ^  which  is  fastened  into  the  upper  disc  r.  The 
net  of  the  tripod  are  screwed  into  a  disc  r'.     This  style  of 

^  Oompaie  Dr.  WolooU  GKbbe,  On  a  simple  method  of  avoiding  observationa  of 
lwH>wiliiii>  and  preamie  in  Qm  AnalyBis,  this  Journal,  n,  xlix,  376, 1869. — ^Bds. 
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pipette  is  to  hold  reagents  for  absorption.  I  have  invented 
another  sort  of  pipette  in  which  to  explode  gases.  The  bulb  is 
of  the  same  capacity  as  the  former  one,  but  the  sidea  are  12  to 
16  mm.  thick,  and  instead  of  the  pipette  tube  being  melted  on 
to  the  bulb,  it  ia  groand  into  the  top  with  emury  and  then  ce- 
mented in  with  snellac  containing  a  little  Venice  turpeutincL 
Two  groovGcH  ure  made  in  opposite  sides  of  the  end  of  the  pipette 
tabs  where  it  is  ground  into  the  bulb,  in  which  are  platinum 
wires,  the  ends  of  which  approach  within  1  mm.  of  each  other. 
Oare  is  taken  to  have  the  form  of  the  pipette  auch  that  all  the 
pat  will  be  excelled  from  the  bulb  when  the  mercury  rises. 

The  apparatus  ia  naed  in  the  following  manner :  Clean  mer- 
eurv'  is  poured  into  the  well  until  it  is  about  8  mm.  deep  above 
the  t<3p  of  /.  A  drop  of  water  is  put  in  the  end  of  the  pressure 
Uit>e,  which  is  suspended,  so  that  the  bottom  nearly  touches 
(  and  water  of  tke  temperature  of  the  room  is  poured  in  until 
Uie  glass  vessel  is  nearly  full.  Air  is  then  talcen  out  of  or 
tiided  to  the  preasare  tube  until  the  mercury  in  the  lower  part 
of  the  tube  U  just  on  a  level  with  the  top  of  a  straight-edged 
piece  of  glass  v,  which  is  fixed  just  behind  the  pressure  tube 
and  measuring  tube^  bo  that  its  top  edge  is  parallel  to  and  about 
15  mtD.  above  the  top  of  L  The  measunng  tube  being  thor- 
oughly cleansed,  and  a  drop  of  water  spread  over  the  sides,  is 
fixed  ill  the  clamp;  a  thin  slice  of  cork  being  placed  between 
each  side  of  the  (Hamp  and  the  tube.  The  tube  is  then  placed 
oprieht  in  a  small,  long-handled  cup  of  mercury,  like  that  used 
by  Doy^re,  and  ia  lowered  through  the  water  into  the  mercury 
well.  The  piece  c  is  then  put  over  b,  and  fixed  in  position  on 
the  rod  /  A  clean  pipette,  full  of  mercury,  is  then  lowered 
into  the  trough  and  the  point  brought  directly  under  the  meas- 
uring tube,  which  is  then  lowered  so  that  the  pipette  touches 
the  top  of  the  measuring  tube.  The  bottle  p  is  placed  on  the 
table,  the  screw  ulip  g  loosened  and  the  air  is  forced  over  into 
khe  bulb  o  of  the  pipette.  When  the  pipette  tube  has  become 
filled  with  mercury,  the  measuring  tube  ia  raised  and  the  pipette 
witbdntwn.  The  air  in  the  pipette  is  then  displaced  by  nier- 
curj-,  and  if  the  ^  to  be  analyzed  can  be  taken  from  a  rubber 
tube,  the  end  of  this  is  slipped  over  the  pipette  tube  and  the 
gss  then  drawn  in.  The  pipette  is  put  mto  the  well,  placed 
under  the  measuring  tube,  which  is  lowered  a  little,  and  the 
gas  forced  into  it  by  raising  the  bottle^  to  the  position  jj'  and 
opening  the  clip  q.  If  desirable,  the  gas  can  be  bubbled  di- 
rectly into  the  measuring  tube  by  means  of  a  properly  bent  tuba 
When  as  much  gas  as  is  desired  is  in  the  measuring  tube,  the 

fnpette  or  other  tube  is  withdrawn,  the  measuring  tube  mised  or 
owcn-d  until  the  top  of  the  mercury  in  it  is  on  a  level  with 
"    I  of  the  glaafl  u,  and  if  the  mercury  in  A  is  not  at  the 
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same  height  it  is  adjusted  by  altering  the  height  of  the  me^ 
cury  in  the  trough,  or  by  adding  hot  or  cold  water  to  that  8U^ 
rounding  the  tubes ;  care  being  taken  to  thoroughly  mix  the  water 
by  agitation  with  a  stirrer.  The  gases  in  the  measuring  and  pres- 
sure tubes  are  thus  kept  at  the  same  pressure  and  temperature 
and  are  saturated  with  moistura  The  reading  of  the  measuring 
tube  is  effected  by  means  of  a  telescope  fixed  at  some  distance 
from  the  apparatus.  As  the  mercury  is  always  at  the  same 
height,  the  telescope  is  always  in  the  same  position.  When  it  is 
desired  to  subject  the  gas  to  the  action  of  any  reagent,  a  pipette 
containing  a  few  drops  of  the  reagent,  the  rest  of  the  pin^fee 
being  filled  with  mercury,  is  introduced  into  the  trough  ana  the 
gas  drawn  over  as  before  described,  and  is  then  shaken  up  with 
the  reagent  When  the  ^as  is  to  be  transferred  back  to  the 
measuring  tube,  mercury  is  drawn  through  the  tube  to  remove 
any  traces  of  the  reagent,  as  it  is  essential  that  none  of  the  re- 
agent should  be  transferred  with  the  gas.  The  point  of  the 
pipette  being  under  the  measuring  tube,  the  bottle  p  is  raised, 
the  clip  q  opened,  and  the  gas  is  forced  into  the  measuring 
tube.  When  the  gas  is  nearly  over,  the  clip  q  is  nearly  closed, 
so  that  the  gas  passes  quite  slowly ;  the  pipette  is  raised  by  a 
block  of  wood  under  its  base,  so  that  its  point  is  40  or  60  mm. 
above  the  surface  of  the  mercury  in  the  measuring  tube.  The 
progress  of  the  liquid  in  the  pipette  tube  must  be  watched  care- 
iuUy,  and  when  it  is  about  20  mm.  from  the  end,  the  clip  q  is 
closed,  and  by  carefully  pinching  the  rubber  tube  above  the 
clip  the  liquid  is  forced  within  1  or  2  mm.  of  the  point  of  the 
pipette  tube;  the  point  of  the  pipette  is  then  brought  under 
the  surface  of  the  mercury,  by  raising  the  measuring  tube,  and 
the  pipette  withdrawn.  The  quantity  of  gas  left  in  the  pipette 
tube  would  be  quite  unmeasurable  if  it  was  five  times  larger. 

It  is  convenient  to  have  a  pipette  for  every  reagent  The 
pipette  for  explosions  is  manipulated  in  the  same  manner ;  the 
gasCvS  being  exploded  by  an  electrophorus.  This  explosion 
pipette,  in  many  cases,  enables  the  short  measuring  tube  to 
tate  the  place  of  a  much  longer  one,  and  still  be  as  accurate ; 
since  explosions  can  be  made  with  just  the  requisite  quantities  of 
oxygen  and  the  combustible  gas,  without  any  dilution.  I  have 
exploded  illuminating  gas  and  oxygen,  and  hydrogen  and  oxy- 
gen without  any  dilution,  and  I  presume  the  Dulb  would  resist 
much  greater  pressure,  without  fractura  I  have  found  it  easier 
to  read  the  measuring  tube,  by  having  a  piece  of  white  paper 
pasted  on  the  glass  back  of  it  and  about  3  mm.  above  the  top  of 
the  glass  u.  The  pipettes  used  permit  the  complete  transfer  of 
the  gases  each  way  without  the  possibility  of  leakage,  and  they 
keep  the  reagents  completely  out  of  the  measuring  tube,  where 
besides  dirtying  the  surface  of  the  mercury  and  thus  rendering 
the  reading  uncertain,  they  might  subsequently-  act  injuriously 
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on  the  ga&  Thus  if  any  caustic  potash  was  left  in  the  measur- 
ing tube  and  any  carbon  compound  exploded  with  oxygeo,  there 
would  be  found  too  little  carbon  dioxide,  as  part  of  it  would 
be  absorbed  immediately  after  it  was  formed  and  before  it  could 
be  measured.  The  only  part  of  the  apparatus  that  can  be  called 
ddlicate  is  the  pipette  tube,  as  it  is  rather  long  and  compara- 
tivdy  unsupported.  But  with  ordinary  caution  there  is  little 
daoffer  of  its  breaking.  If  the  apparatus  had  been  constructed 
one-half  longer  than  it  is,  its  accuracy  would  have  been  in- 
creased and  the  system  would  have  been  nearly  as  manageabla 
This  kind  of  apparatus  is  especially  suited  to  short  measuring 
tubes,  for  with  long  ones  the  pipette  becomes  fragile  and  un- 
manageable, besides  being  liable  to  have  air  drawn  in  through 
the  rubber  tube.  The  metal  work  is  all  of  iron.  Most  of  the 
work  was  done  by  myself  and  assistant  The  only  work  that 
is  difficult  is  in  joining  the  tube  to  the  bulb  of  the  explosion 
pipette.  The  apparatus  needs  about  twenty  kilogrammes  of 
mercury  to  work  to  advantage  with  four  absorption  pipettes. 

The  following  analyses  were  made  with  this  apparatus. 
They  show  the  observations  required  and  the  manner  of  mak- 
ing the  calculations. 

Illuminating  gas  manufactured  by  the  Boston  Gas  Light  Co., 
and  of  an  illuminating  power  of  about  eighteen  candles.  The 
two  analyses  here  given  were  made  with  the  same  sample. 


147-3 

146-7 

146-5 

138-2 

336-4 

84-9 

8-8 

64-0 

S3-0 


m  ANALYSIS. 

Volames  In  CO. 

22-90 


22-82 
22-79 
21-68 
48-91 
13-72 

2-49 
10-65 

4*69 


2in>  ANALTBI8. 

DlTlBloiui.  Volamet  In  C.C. 

149-7  23-26  Gas  taken. 

149-2  23- 19  Garb,  dioxide,  absorbed  by  KOH. 

149-0  23-16  Oxygen,  absorbed  by  pjTogallate. 

140-3  21-88  Hydrocarbons,  "  SOainH^SO^. 

328-0  49-14  Oxygen  added. 

82-8  13-41  Exploded. 

5*9  2*06  Carbon  dioxide  absorbed. 

45-3  7-88  Hydrogen  added. 

14-2  3-28  Exploded. 


-47  K, 

6-06  H,0  formed 

2-02  O,  left 
37-33    "  added 
35-31    '*  naed 
11-23  COt  fonned 


21-11  Combustible  gas 


lit. 

(A)CH4+C0  +  H,  =2111 

(B)CH4+C0  =11.23 
(C)2CH4+iOO  +  iH4  =  25-31 

2C-A=3CH4  =29-51 

A-B=H,  =  9-88 

B-CH4=C0  =  l-:i5 


3nd. 


•53  N,  (A)  OH4  +  00  +  H, 

4-60  HtOfdnned(B)0H4+0O 
1-63  O,  left  (0)  2OH4  +  iCO  +  iH, 

SY-26    "  added  20-A=3CH 

36-73    "  used  A-B=Ht 

11-36  COt  fonned      B— CH4=C0 
21-36  Combastible  gas 


3        — 


21-35 
11-35 
25-73 
30-11 
10-00 
1-31 


Volumes.   Per  cent. 

22-90  100-00  Gas  taken. 

08  '35  Carbon  dioxide. 

•03  -13  Oxygen. 

1-21  5-29  Hydrocarbons. 

9-84  42-97  Methane  (CH 4). 

1*39  606  Carb.  monoxide. 

9-88  43-15  Hydrogen. 

-47  205  Nitrogen. 

VolameB.   Per  cent. 

23-26  100.00  Gas  taken. 

-07  -30  Carbon  dioxide. 

-03  -13  Oxygen. 

1-28  5.50  Hydrocarbons. 

1004  43-16  Methane  (CH4). 

1-31  5-63  Carb.  monoxide. 

10-00  42-99  Hydrogen. 

-53  2*28  Nitrogen. 
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The  hydrocarbons  gave  1770  per  cent  carbon  dioxide  by  t 
subsequent  determination.  The  calculations  show  that  an  enor 
in  the  nitrogen  determination  affects  the  carbon  monoxide, 
methane  and  hydrogen  by  the  amount  of  the  error.  If  in  the 
place  of  the  nitrogen  found  in  the  first  analysis,  we  substitute 
that  found  in  the  second,  we  have  CH^  48'20  pr.  et. ;  for  GO 
6*85  per  ct ;  and  for  H,  42*98  per  ct ;  and  these  numbers  agree 
much  better  with  the  numbers  of  the  second  analysis.  I  haye 
not  been  able  to  find  any  duplicate  analyses  of  coal  gas  and  not 
many  of  any  kind,  so  I  am  not  able  to  compare  the  accuracy  of 
these  andyses  with  that  of  analyses  made  with  a  different  appa- 
ratus. Elach  of  these  analyses  required  fix>m  three  to  four 
hours  for  its  execution. 


AfuUysei  of  common  Air, 

Air  collected  April  25,  1874,  freed  from  C0«. 


210*2 
317-2 
178-2 


197-7 
304-7 
173-6 


214-3 
311-9 
170-6 


207-7 
3061 
168-8 


3207  Air, 

47-57  He  added, 

27-42  Exploded, 

Same  Sample. 

30-26  Air, 

45-75  Hf  added, 

26-75  Exploded, 

Air  coUected  April  26. 

32-66  Air, 

46-81  He  added, 

26*29  Exploded, 

Same  Sample. 

31-70  Air, 

45-95  He  added, 

26-05  Exploded, 


HfO  formed       20*15 
O,  6-716 

per  cent  of  0(    20-94 


HfO  fonned       19*00 
O,  6-333 

per  cent  of  Of    20-93 


HtO  formed       20-52 
O,  6-84 

per  cent  of  O^    20*94 


H«0  formed        19-90 
0,  6*633 

per  cent  of  Of    20-92 


Each  of  these  air  analyses  required  about  half  an  hour  for  its 
execution.  These  analyses  seem  to  have  about  the  same  de- 
gree of  accuracy  as  the  average  of  those  made  by  Bunsen. 


Gas  generated  by  action  of  EOH  on  Fe  and  Zn. 

Dlv.  CO. 


Air  193-5 

Gas  added  278-5 
Exploded     151-4 


Air  166*3 

Gas  added  23 10 
Exploded     134-3 


29-64 
41-98 
23.51 


18-47  HfO  formed 
12-313  He  found 
12-34  gas  added 


99-78  %  H, 


Same  Gas. 

25-68  14-07  HeO  formed 

35-08  9-38  He  found 

21-01  9-40  gas  added 


99-79  %  H, 


These  analyses  show  that  the  air  was  not  quite  expelled  from 
the  generating  flask  before  the  gas  was  collected. 
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This  apparatus  is  especially  useful  where  it  is  desired  to  ob- 
idn  reliaDie  results  in  a  comparatively  short  time.  As  before 
mentioned,  it  was  desired  more  especially  for  the  analj^sis  of 
lUnminating  ga&  It  will  be  noticed  that  the  explosion  pipette 
of  this  apparatus  is  nearly  the  same  as  the  Cavendish  eudiom- 
eler;  tibie  chief  difference  being  in  the  manner  of  introducing 
and  expelling  the  gas. 

Ottoe  of  Gm  Inspeciioii,  Boston,  May  14, 1874. 
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Abt.  XVILI. — Researches  on  the  Hexatomic  compounds  of  Cobalt; 

by  WoLCOTT  GiBBS,  M.D. 

[Continued  from  voL  yi,  p.  116,  August,  1873.] 

6. '  Ths  salts  described  by  Fremy*  under  the  names  of  chlo- 
ride,  nitrate  and  sulphate  of  fuscocobalt  contain  also  eight  atoms 
of  ammonia,  and  may  be  r^arded  as  belonging  to  the  octamin 
series.  These  salts  nave,  according  to  Fremy,  respectively  the 
formulas : 


Co,(NH.)g.O.CL+80H, 

)   .0.(  "~ 

Co,  (NH,)  3 . 0 .'  (SO  Ja+40H, 


Co,(NH, 


;N03),+30H, 


in  modem  notation.  They  are  brown  resinous  masses,  are  dif- 
ficult to  obtain  in  a  state  of  purity,  and  have  as  yet  been  but 
Uttle  studied.  If  we  admit  that  the  formulas  are  accurate,  we 
may  write  them  in  accordance  with  the  theoretic  views  which 
I  liaye  adopted,  as  follows  :f 


Co. 


fNH,-a 

NH.-C1 
NH,— NH 


rNH,-NO, 
Nn,-NO, 
NH,-NH,. 


nh:-nh!>o  co.^  nh:-n5:>o  ^^i 


NH,-C1 
LNH,-C1 


NH,-NH,^" 
NH, 


INH,' 


>S0, 


NH,-NO, 

(^NH.-NO, 

Jorgenseni^  suggests  that  these  salts  may  contain  hydroxyl  in 
place  of  oxygen.  There  is  at  present  no  method  of  deciding 
the  question,  and  I  have  adopted  the  view  which  seems  to  me 
the  most  probabl&  Kunzel's  hyposulphate  above  mentioned 
may  be  r^arded  as  belonging  to  this  series,  and  as  having  the 
stractural  formula : 

NH, 

nh: 


Co, 


:3 


20e 


NH3-NH3.0 
NH,-NH,-^" 

NH,>S»^e 


*  Ann.  de  Chimie  ei  de  Physique,  [3,]  tome  xzxy,  p.  267. 
f  Bkmwtruid  has  giyen  the  same  formulas  with  trifling  variations.    Chemie  der 
«MB0it»  p.  356. 
t  OmaLin-Knuits'  Handboch,  voL  iii,  p.  468. 
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but,  according  to  Geuther,  the  formula  given  by  KtLnzel  must 
be  tripled,  and  the  salt  then  belongs  to  the  dodekamin  or  luteo- 
cobalt  seriea  In  the  absence  of  direct  proof  of  the  existcnoe 
of  luteocobalt  iu  this  salt,  Kiinzers  formula  appears  the  more 
probable  of  the  two.  The  compounds  above  mentioned,  with 
those  which  I  have  myself  described,  form  the  only  known 
members  of  the  octamin  group,  a  further  study  of  which  will 
doubtless  yield  an  ample  return. 

6.  Action  of  amnionic  nitrite  on  salts  of  cobalL — ^To  obtain  a 
clear  view  of  the  nature  and  mode  of  formation  of  the  salts  of 
xanthocobalt,  I  have  carefully  studied  the  relations  of  ammonic 
nitrite  to  salts  of  cobalt  under  different  conditions.  This  sub- 
ject has  already  been  examined  by  Erdmann,  and  in  my 
laboratory  by  Sadtler.  Erdmann  found  that  when  a  neutral 
solution  of  cobaltic  chloride  is  mixed  with  a  neutral  solution 
of  ammonic  nitrite  no  turbidity  ensues,  but  after  spontaneous 
evaporation  in  the  air  a  salt  crystallizes,  with  the  formula,  as 
Erdmann  writes  it  (old  style) : 

Cog(V2NH3,  SNOj+NH^O,  NO3. 

This  salt  is  isomorphous  with  the  corresponding  potassium  salt, 
the  crystals  belonging  to  the  rhombic  svstem.  Erdmann  does 
not  explain  the  reaction  which  takes  place  in  the  formation  of 
this  or  the  corresponding  potassium  salt,  and  regards  the 
compounds  in  question  as  double  salts.  When  slightly  acid 
solutions  were  employed,  Erdmann  obtained,  in  addition  to  the 
above  mentioned  salt,  an  ammonic  salt  corresponding  to  Fis- 
cher's salt,  Co2(N02)i2(NH4)j+30H2,  as  we  should  now  write  it 
The  existence  of  this  salt  was  first  remarked  by  Genth  and 
myself.*  Sadtler  studied  the  action  of  ammonic  nitrite  00 
acid  solutiona  of  cobaltic  chloride,  and  obtained  two  salts  hay- 
ing respectively  the  formulas : 

Co2(N02),,(NH,),+20H„ 

but  did  not  observe  the  formation  of  Erdmann's  ammonium  salt 
In  repeating  these  ex])eriments  I  always  obtained  Erdmann's 
ammonium  salt,  Co2(NH8)4(N02)8(NH4)2,  in  largest  quantity. 
The  crystals  are  uncommonly  beautiful  and  well  defined.  Of 
these  crystals 

0*3390  gr.  gave  0*1783  gr.  SO^Co=20*02  per  cent. 

The  formula  requires  20*00  per  cent  In  one  experiment,  in 
which  a  little  free  acetic  acid  was  present,  I  obtained  large  dark 
sherry- wine  colored  prismatic  crystals,  which  after  solution  and 
recrystallization  gave  only  very  thin  lozenge-shaped  tabular 

♦  This  Journal,  2d  Series,  vol.  xxiv,  p.  86. 
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dystals,  the  form  and  appearance  of  which  are  highly  character- 
istic. These  crystals  gave  no  reactions  with  salts  of  luteo- 
cobalti  purpureocobalt  and  roseocobalt,  and  none  with  potassic 
duomate  and  dichromate,  amnionic  oxalate  or  argentic  nitrate. 
The  absence  of  the  first  mentioned  reactions  shows  that  they 
do  not  contain  C!oj(NHs)4(NOa)8  or  Co2(NOj)i2,  while  the  fact 
ihat  they  give  no  reactions  with  alkaline  chromates  and  oxalates 
shows  tnat  they  do  not  contain  any  known  eobaltamin.  Of 
these  crystals 

0*1554  gr.  gave  0-0974  gr.  S04Co=28-86  per  cent  cobalt. 
0"3081  gr.  gave  0*0635  gr.  NHj    =20*61  per  cent  ammonia. 

The  formula  Co,(NH8)6(NOa)6  requires 

Cobalt,  23-79  23-86 

Ammonia,         20*56  20*61 

These  analyses  are  sufficient  to  identify  the  salt  in  question 
with  one  which  Erdmann  has  described  in  the  paper  referred  to, 
as  formed  by  the  action  of  ammonia  and  potassic  nitrite  upon 
oobaltic  chloride,  unfortunately  with  but  very  scanty  details. 
I  attribute  to  this  salt  the  formula 


Co, 


NH3-NO2 
NHj-NOa 
NH3-NO2 
NH3-NO2 
NH3-NO2 


NH3-NO, 

and  consider  it  to  be  the  nitrous  representative  of  the  hexamin 
QofiUm^  I  have  not  succeeded  in  obtaining  from  it  other 
ncmbers  of  the  same  series ;  but  it  is,  to  say  the  least,  probable 
Aat  the  dichrocobalt-chloride  of  Fr.  Rose  *  Co2(NH8)eCl«)4- 
80H»  represents  the  corresponding  chloride.  Kiinzelf  has 
described  a  sulphite  to  which  he  attributes  the  formula 

Co,(NH3)e(S03)3+OH„ 

but  according  to  Geutherf  this  formula  must  be  doubled,  the 
alt  belonging  to  the  dodekamin  or  luteocobalt  series,  with  the 
fcrnmla 

Co,(NH3),,(S03)e+Co,(S03)e+20H2. 

Erdmann's  hexamin  salt  is  of  special  interest  because,  as  I 
dall  show,  it  forms  the  first  term  in  a  remarkable  series  of 
metameric  bodies ;  its  formation  under  the  circumstances  may 
with  great  probability  be  expressed  by  the  equation  : 

JCoaa+lONH4.N02+30i=:Co2(NH3)6(N02)e+4NH^Cl+ 

3OH2, 

*  UntenRichitiigeii  Aber  ammoniakalische  Kobalt-VerbinduDgeD.     Heidelberg, 
iStl. 
f  Jbnrnal  fOr  pnkt  Ghemie,  72,  p.  209.      %  ^°°-  ^^  Phannacie,  128,  p.  127. 
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as  the  salt  is  not  formed  immediately,  but  only  after  absorpfcioii 
of  oxygen  from  the  air.  The  formation  of  Erdmann's  ammo- 
nium »Btlt  may  in  like  manner  be  represented  by  the  equation: 

2CoCla+8NH4.N02+20=Co2(NH,)^(NO,)g+4NH4Cl+ 

20ri;, 

the  presence  of  oxygen  being  necessary  in  this  case  also. 

In  another  expenment  I  obtained  no  hexamin  nitrite^  bat 
only  Erdmann's  ammonium  salt  and  the  two  salts  described  by 
Sadtler,  and  to  which  he  gave  respectively  the  formulas : 

Co2(NO,),,(NH,),+20H, 
Co,(NO,)„(NHJ,+20H,. 

These  last  salts  were  found  in  considerable  quantity  mixed 
together  as  a  yellow  sparingly  soluble  crystalline  powder,  when 
a  strong  solution  of  ammonic  nitrite  was  pourea  upon  finely 
pulverized  cobaltic  chloride,  and  acetic  acid  was  added  in 
small  excess.  I  consider  the  formation  of  these  two  salts  to  be 
represented  by  the  equations : 

2CoCl,+10NIl4.NO,+3Oz=Co.(NO,)4NH4)4+6NH,+8OH, 

2CoCU+12NII,.NO,+30=:Ck),(NO,),.(NH4)4+8NH,+80H^ 

Professor  Sadtler  has  shown  that  in  these  cases  also  an  absorp- 
tion of  oxygen  from  the  air  takes  place.  When  a  solution  of 
ammonic  nitrite  is  added  to  a  strong  alcoholic  solution  of  cobaltic 
chloride,  Erdmann's  ammonium  salt,  Co,(NH8)4(NOt)8(NH4)fc  is 
chiefly  formed,  and  only  a  small  quantity  of  the  four  and  six-atom 
salts.  The  comj)oun(l  formed  crystallizes  from  the  alcoholic 
solution  in  very  beautiful  and  well  defined  prismatic  formsi 

From  the  above  it  will  be  seen  that  at  least  four  distinct 
compounds  are  formed  by  the  action  of  ammonic  nitrite  upon 
solutions  of  cobaltic  chloride  in  presence  of  a  weak  acid  and 
of  the  oxygen  of  the  air.  It  is  at  least  probable  that  all  four 
are  formed  at  the  same  time,  though  in  varying  proportions. 
I  have  already  shown  that,  in  the  presence  of  free  ammonia  and 
of  ammonic  nitrate,  cobaltic  chloride  and  ammonic  nitrite  yield 
the  nitrate  of  the  octamin  series.  Of  the  action  of  ammonic 
nitrite  upon  cobaltic  salts  in  the  presence  of  free  ammonia,  I 
shall  speak  in  treating  of  the  formation  of  the  salts  of  xantho- 
cobalt 

7.  I  have  stated  above  that  Erdmann  obtained  the  hexamin 
nitrite,  Co2(NIl3)6(N02)6,  by  the  joint  action  of  potassic  nitrite 
and  ammonia  upon  cobaltic  chloride.  On  repeating  his  experi- 
ments, I  found  tliat  small  quantities  of  this  salt  were  formed, 
but  that  the  chief  products  of  the  action  were  salts  of  xantho- 
cobalt,  the  formation  of  which  Erdmann  does  not  appear  to 
have  noticed.  Small  quantities  of  salts  of  the  octamin  series 
are  also  formed.     The  filtered  solution  obtained  in  this  reaction 


W.  CKbbs  on  the  Hexalomic  compounds  of  CobaU,         198 

was  precipitated  by  potassic  dichromate,  and  the  orange-red 
needles  obtained  recrystallized  for  analysis ;  of  these  crystals 

0-6145  gr.  gave  0*7393  gr.  CrO^Ba=51*40  per  cent  CrgO^. 
0*7712  gr.  gave  0*9277  gr.  CrO^BamSl^O  per  cent  Cr^O,. 
0-5615  gr.  gave  96*5  c.c.  nitrogen  (moist)  at  16®  C.  and  763°'"*1= 

20*12  per  cent  nitrogen. 
0*5028  gr.  gave  86  c.c.  nitrogen  (moist)  at  lb""  C.  and  763°'°*1  = 

20*05  per  cent  nitrogen. 

The  formula  Co2(NH8)io(N02)2Cr207  requires  53*22  per  cent 
Crj07  and  20*67  per  cent  nitrogen,  while  the  formula  of  the 
octamin  salt,  Co2(NH8)8(N02)4Cr207,  requires  32*91  per  cent 
CrjO^  and  19*30  per  cent  nitrogen,  so  that  the  analyses  leave 
no  reasonable  doubt  that  the  salt  was  a  mixture  of  a  salt  of 
xanthocobalt  with  a  smaller  proportion  of  the  corresponding 
salt  of  the  octamin  seriea 

The  above  results  clearly  show  that  the  action  of  ammonic 
nitrite  upon  salts  of  cobalt  in  presence  of  free  acid  is  extremely 
complex,  not  less  than  six  classes  of  salts  being  formed,  of 
which  two  belong  certainly  to  basic  series,  while  three  may  be 
i^arded  as  salts  of  ammonium.  The  sixth,  Co2(NH8)e(N03)e,  is 
probably  also  one  term  in  a  hexamin  series. 

8.  The  ammonia-nitrites  discovered  by  Erdmann  are  of  espe- 
cial interest  They  present  the  first  and  at  present  the  only 
known  instance  in  which  cobalt,  by  uniting  with  ammonia  and 
nitroxyl,  NO2,  forms  an  electro-negative  or  chlorous  radical. 
The  compound  Co2(NH8)4(N02)8  may  be  regarded  as  existing  ip 
combination  with  two  atoms  of  a  mon-atomic  radical,  exactly 
as  the  compound  Co2(NH8)8(N02)4  combines  with  two  atoms  of 
chlorine.     The  structural  formulas  may  be  written  rcvspectively  : 


Co,^ 


NHj— NO, 

NH3-NO3 

NUa^NHg-Cl 

NH3-NH3-CI 

NH3-NO, 

NH3-NO2 


Cog  < 


(  NH3-.NO, 
NH3-NO; 

N<Q>N— 0~0K 


N<Q>N-0--OK 

NH3— NOg 
NH3-^N02 


With  these  formulas  we  may  advantageously  compare  those 
of  chloride  of  luteocobalt,  of  Fischer  s' salt  considered  as  anhy- 
drous, and  of  chloride  of  xanthocobalt : 
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N<g>N^O-OK 


Coo  < 


NHa-NH.-Cl 
NHa-NH.  -CI 
NH-^NHa-Cl 
NH.-NHg-a 
NHa-NH.-Cl 
NHj-NHj-Cl 


Co. 


,0 


N<5>N-0-0K 


-O 


N<5>N^O-0K 


.0 


N<Q>N-0-OK 


-0 


N<^>N-O-0K 


.O 


N<Q>N-O-0K 


Co  A 


NH.— NH3-CI 
NH3-.NH3-.CI 
NHj-NHj-Cl 


NH.-NH.-a 
NH,-NO, 

The  manner  in  which  these  compounds  may  be  derived  from 
each  other  by  replacement  is  sufficiently  obvious,  and  is  best 
seen  by  assuming  chloride  of  luteocobalt  and  Fischer's  salt  as 
the  two  extreme  terms  of  the  series  in  which  the  other  three 
are  intermediate. 

Erdmann's  analyses  leave  no  reasonable  doubt  as  to  the  con- 
stitution of  the  ammonia-nitrites.  I  have  thought  it  worth 
while,. however,  to  make  a  few  additional  analyses  in  support 
of  his  view.     In  the  potassium  salt : 

0-4497  gr.  gave  0*3397  gr.  SO^Co  and  ^O^K^^^^lb'b^  per  cent. 
0-7338  gr.  gave  0-5615  gr.       "  "       =76-62  per  cent 

0*5937  gr.  gave  127  c.c.  nitrogen  at  6°-6  C.  and  773"°*-4=z26-46  per 
cent  nitrogen. 

The  formula  Coj(NH8)4(N02)8K3  requires  76-58  pr  cent 
2SO4C0+SO4K2  and  26*58  per  cent  nitrogen.     In  the  silver  ^t: 

0-3680  gr.  gave  0*2902  gr.  SO^Co  and  SO^Ag^. 
0-5937  gr.  gave  0-1675  gr.  silver=:28-21  per  cent 

The  cobalt  by  diflFerence  amounts  to  15  83  per  cent  The  for- 
mula Co2(NH8)4(N02)8Aga  requires  28*05  per  cent  silver  and 
15*32  per  cent  cobalt 

Tliallium  salt, — When  a  solution  of  the  potassium  salt  is  added 
to  one  of  thallous  nitrate,  a  beautiful  shen-j- wine-colored  crya- 
talline  precipitate  is  thrown  down,  which  on  recrystallization 
gives  very  well  defined  prismatic  crystals,  having  apparently 
the  same  form  as  the  corresponding  potassium  and  ammonium 
salts. 

Mercurous  salt — A  solution  of  potassic  ammonia-cobalt-nitrite  ' 
gives  immediately  in  solutions  of  mercurous  nitrate  a  beautiful  i 
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)range-colored  crystalline  precipitate,  which  may  be  dissolved 
D  boiling  water,  but  not  without  partial  decomposition.  The 
alt  does  not  crystallize  well  from  the  solution.     Of  this  salt : 

0-7785  gr.  gave  0'1775  gr.  S04Co=8-68  per  cent  cobalt. 

The  formula  Co2(NH8)4(No)3(Hg2)2  requires  8 "71  per  cent 

A  solution  of  the  potassic  salt  gives  no  precipitate  with  salts 
)f  cobalt,  nickel,  barium  and  copper,  ana  none  at  first  with 
)lumbic  acetate.  After  standing,  however,  a  lead  salt  separates 
n  fine  acicular  leafy  crystkls  of  a  brown-orange  color,  soluble  in 
lot  water,  but  with  partial  decomposition.  The  same  is  true  of 
he  silver  salt,  but  small  quantities  of  this  may  usually  be  dis- 
olved  and  recrystallized  without  change.  The  silver  salt  is 
jxtremely  well  characterized ;  its  moderate  degree  of  solubility 
md  the  facility  with  which  it  crystallizes  in  tabular  lustrous 
rystals  have  made  it  of  great  service  in  my  investigations, 
specially  in  distinguishing  salts  containing  Coa(NH8)4(N02)8 
rem  those  which  contain  Coa(N02)ia.  Compounds  of  ammonia- 
obalt-nitrite  with  barium,  strontium,  etc.,  are  easily  formed  by 
louble  decomposition,  the  metallic  chlorides  being  digested  with 
,  solution  of  the  argentic  salt  They  are  pale  orange-yellow, 
olable  salts,  which  I  have  not  further  examined.  A  solution 
>f  the  potassic  salt  gives  beautiful  crystalline  precipitates  with 
alts  of  various  organic  alkaloids,  especially  with  those  of  brucin 
xid  strychnin.  These  are  soluble  in  hot  water  without  sensible 
lecomposition,  and  may  be  recrystallized.  Salts  of  anilin  give 
k  bright  yellow  precipitate  with  potassic  ammonia-cobalt-nitrite, 
?hich  is,  however,  immediately  decomposed,  phenol  being  set 
ree.  The  potassic  salt  gives  also  splendia  crystalline  precipitates 
nth  salts  of  croceocobalt,  xantnocobaltj  luteocobalt,  etc.  I 
lave  already  noticed  the  salt  of  croceocobalt,  and  will  describe 
he  salts  of  the  other  bases  in  due  course. 

Erdmann  has  not  attempted  to  explain  the  formation  of  this 
slass  of  salts.  He  remarks  that  a  yellow  insoluble  compound 
8  formed  at  the  same  time  with  the  potassic  salt  Co2(NH8)4 
NOt)8K2,  which  appears  to  be  a  mixture  which  cannot  be  oo- 
sained  pure  for  analysis.  I  have  also  obtained  this  body,  and  also 
negard  it  as  consisting  mainly  of  Fischer^s  salt,  Coa(N02)i2K«, 
though  as  Erdmann  states,  it  contains  a  small  percentage  of 
immonia.  The  formation  of  the  salt  Co2(NH8)4(N02)8K2  may 
be  expressed  by  the  equation 

2CoCl;,+4NH4Cl+8KN02-|-Oz=Co2(NH3),(]SrO,)8K2-|r 

6KCI+2HCI+OH2, 

if  we  suppose  oxygen  to  be  absorbed  from  the  air.  In  conse- 
quence, however,  of  the  formation  of  free  chlorhydric  acid,  N2O8 
18  set  firee,  and  it  is  much  more  probable  that  this  is  reduced  by 
the  nascent-hydrogen ;  so  that  we  have 

NaO,+2H=2NO+OHa. 


196         W.  Gibbs  on  the  Hexatomic  compounds  of  OobalL 

The  potassium  salt  is  also  formed,  as  I  shall  show,  in  various 
other  cases ;  the  similarity  of  some  of  its  reactions  to  those  of  a 
solution  of  Co2{N02)iaNa«  in  sodic  nitrite  for  a  long  time  misled 
me ;  but  its  relations  to  salts  of  silver,  mercury  and  thallium 
enable  us  to  recognize  its  presence  with  absolute  certaiDty. 
The  salt  does  not  enter  into  combination  with  iodine. 

XANTHOCOBALT. 

9.  Genth  and  I  have  shown  in  our  memoir  that  the  salts  of 
xanthocobalt  may  be  formed  either  directlv  by  the  action  of 
nitrous  acid  vapors  upon  salts  of  cobalt,  or  oy  the  action  of  the 
same  acid  upon  salts  of  purpureocobalt  and  roseocobalt,  in  each 
case  in  the  presence  of  free  ammonia.  I  propose  now  to  give 
the  results  of  a  more  detailed  study  of  the  subject 

With  respect  to  the  constitution  of  this  class  of  salts,  I  may 
remark,  in  the  first  place,  that  Genth  and  I  left  it  undecided 
whether  the  salts  in  question  contain  NO  or  NO,,  pointing  out 
the  fact  that  the  analyses  do  not  decide  in  favor  of  either  view, 
and  adopting  the  former  provisionally.  Braun  first  proved 
conclusively  that  the  salts  of  xanthocobalt  contain  NOj,  and 
this  view  has  since  been  generally  adopted.  1  have  already 
shown  (§  1)  that  when  cobaltic  chloride,  CoCl,,  is  mixed  with 
ammonia  and  ammonic  nitrite  and  nitrate,  the  solution  absorbs 
oxygen  from  the  air,  while  the  nitrate  of  the  octamin  series, 
Co2(NH8)8(N02)4(N03)2,  is  formed.  I  have  not  observed  in  this 
reaction  the  formation  of  a  salt  of  xanthocobalt.  If  present  at 
all,  such  salts  must  be  in  very  small  relative  quantity.  Genth 
and  I  have  shown,  on  the  other  hand,  that  when  the  red  gases 
resulting  from  the  action  of  nitric  acid  upon  starch,  sawdust 
or  arscnous  oxide  are  passed  into  solutions  of  cobaltic  salts  iu 
presence  of  an  excess  of  ammonia,  salts  of  xanthocobalt  are 
formed  in  a  very  short  time,  and  in  large  quantity. 

If  we  consider  the  red  gas  to  consist  of  hyponitric  oxide, 
N2O4,  we  may  have 

2Co(NO3)3+10NIl3+N,O,=Co,(NH3),,(NO,)^(NO3),. 

In  preparing  sulphate  and  nitrate  of  xanthocobalt  by  this 
process,  i  have  on  several  occasions  been  able  to  detect  only 
salts  of  this  base  among  the  products  of  the  reaction.  In  one 
case,  however,  in  which  I  employed  cobaltic  sulphate  and  added 
so  large  a  quantity  of  ammonic  sulphate  that  the  solution  gave  ■ 
no  precipitate  with  ammonia,  I  obtained  a  very  large  relative 
quantity  of  Erdmann's  salt  Co2(N  U8)6(N02V  In  other  cases  in 
which  cobaltic  chloride  was  present  I  detected  crystals  of  the 
chloronitrate  Co2(NIl3)io(N02)2(N03)2Cl2.  The  solutions  after 
the  action  of  the  red  gases  also  contaip  small  quantities  of  the 
ammonia-cobalt-nitrite  of  ammonium,  Coa(NH8)4(NOj)s(NH4)^ 
as  well  as  ammonic  nitrite  and  nitrate. 
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On  the  other  hand,  however,  I  have  already  shown  (§  3)  that 
alts  of  this  radical  are  formed  in  large  quantity,  together  with 
.  smaller  proportion  of  the  octamin  nitrate,  by  the  action  of  a 
aixture  of  potassic  nitrite  and  ammonia  upon  cobaltic  nitrate 
Q  presence  of  air;  but  that  xanthocobalt  is  exclusively  formed 
»y  the  action  of  the  sa^ae  mixture  upon  a  solution  of  ammonic 
nd  cobaltic  sulphates.  I  am  unable  to  offer  any  plausible  ex- 
planation for  the  difference  of  the  products  in  the  two  cases. 

When  cobaltic  nitrate,  ammonic  nitrite  and  ammonia  are 
nixed  and  placed  in  a  tightly-corked  bottle,  no  action  whatever 
ppears  to  take  place,  even  after  the  mixture  has  stood  some 
lays.  But  if  plumbic  hyperoxide,  PbOj,  is  added,  the  mixture 
oon  becomes  yellow,  and  after  a  few  hours  large  crystals  of 
litrate  of  xanthocobalt  are  formed  with  distinct  reduction  of 
he  plumbic  hyperoxide.  The  reaction  in  this  case  may  be 
epresented  by  tne  equation : 

2Co(NO,),+10NH3+2NO,.NH4+PbO,=Co,(NH3),o(NO,). 

(NO3)4+PbO+(NH0A 

^otassic  hypermanganate  may  also  be  employed  as  an  oxidizing 
gent,  but  is  less  convenient.     The  experiment  just  detailed 

E spears  to  me  to  render  it  most  probable  that  in  •the  action  of 
e  red  gases  upon  salts  of  cobalt  in  presence  of  ammonia,  the 
esulting  salts  of  xanthocobalt  are  not  formed  by  the  direct 
mion  of  the  cobaltic  salt  with  ammonia  and  nitroxyl,  but  that 
mmonic  nitrite  is  first  formed,  and  that  the  oxygen  necessary 
or  the  completion  of  the  reaction  is  derived  from  the  decom- 
osition  of  some  element  of  the  complex  mixture  of  NO, 
lOi,  NjOj  and  NOjH,  which  make  up  the  red  vapors. 

The  formation  of  salts  of  xanthocobalt  by  the  action  of  the 
ed  gas  upon  salts  of  purpureocobalt  and  roseocobalt  in  the 
presence  of  free  ammonia  is  easily  explained.  We  have  here 
imple  cases  of  double  decomposition,  a  particular  instance  of 
rbich,  covering  in  substance  the  whole  ground,  may  be  ex- 
oiessed  by  the  equation : 

Co,(NH,),,(N03).4-2NH,.NO,=Co,(NH3),,(NO,), 

(N03),  +  2N03.NH,. 

Salts  of  xanthocobalt  are  always  formed  when  salts  of  pur- 
pureocobalt and  roseocobalt  are  heated  or  even  digested  in  the 
old  with  alkaline  nitritea  I  have  made  a  special  study  of  the 
ction  of  potassic  and  sodic  nitrites  upon  chloride  of  purpureo- 
obalt,  the  details  of  which  are  as  follows : 

10.  Action  of  sodic  and  potassic  nitrites  upon  chloride  of  pur- 
ureocobalL  —  A  quantity  of  chloride  of  purpureocobalt  was 
iflsolved  in  boiling  water,  with  a  little  free  acetic  acid  to  prevent 
3composition,  and  added  to  a  hot  solution  of  potassic  nitrite 

excess.     The  dark  brown-red  solution  was  evaporated  at  a 
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fentle  heat  to  half  its  volume.  On  cooling,  a  small  quantity  of 
ischer's  salt  Co2(N02)i2K«+20Hj  separat^ ;  afterward  sheny- 
wine  colored  prismatic  crystals  were  formed  in  abundance. 
After  recrystallization  these  were  analyzed. 

0-2824  gr.  gave  0-1619  gr.  CoSO4=20-47  per  cent  cobalt. 
0-5567  gr.  gave  0-2092  gr.  8ilver=12-37  percent  chlorine. 

The  same  experiment  was  made  with  sodic  nitrite,  and  with 
similar  results.  After  two  recrystallizations  the  salt  formed 
was  analyzed. 

0-4163  gr.  gave  0-2235  gr.  CoSO4=20-43  per  cent  cobalt. 
0-2332  gr.  gave  0-0876  gr.  silverz=12'38  per  cent  chlorine. 
0-6626  gr.  gave  19212  c.c.  nitrogen  (moist)  at  14°  C.  and  764°"°-l 

=34-29  per  cent. 
1-2310  gr.  gave  0-6825  gr.  water=6'24  per  cent  hydrogen. 
1-6542  gr.  gave  0-7996  gr.  water=6*37  per  cent  hydrogen. 

The  salt  being  found  anhydrous,  the  analyses  agree  with  the 
formula : 

Co,(NH,),;(NO,),(NO,),Cl„ 

which  requires 

Cobalt 
Chlorine 
Hydrogen 
Nitrogen 

and  which  is  fully  sustained  by  other  considerations,  as  I  shall 
show.  As  the  solutions  of  the  alkaline  nitrites  employed  also 
contained  nitrates,  the  formation  of  the  new  salt  may  be  repre- 
sented by  the  equation : 

Co2(NH3)ioCl6+2KN02+2KN03=:4KCl+Co2(NH3)io 

(N02),(N03)^Cl2. 

The  salt  itself  is  then  a  nitroso-chloro-nitrate,  and  belongs  prob- 
ably to  the  ry-dekamin  or  purpureocobalt  series;  but  it  may 
be  more  conveniently  regarded  as  the  chloro-nitrate  of  xantho- 
cobalt.  It  has  the  wine  color  of  the  salts  of  the  so-called  xantho- 
cobalt  series,  but  crystallizes  usually  in  prismatic  forms,  which 
are  moderately  soluble  in  hot  water,  and  separate  readily  from 
the  solution.  With  neutral  potassic  chromate  the  salt  gives 
the  beautiful  yellow  crystalline  chromate  of  xanthocobalt : 

Co,(!^^H3) ,  ,(NO,),(CrO,)^+20H,. 

With  potassic  ferrocyanide  it  gives  the  characteristic  red  pris- 
matic crystals  of 

Co,(NH3),,(N02)2FeCye-h60Ha, 
and  with  ammonic  oxalate,  oxalate  of  xanthocobalt, 

Co,(NH,),.(NO,),(C,0,)„ 


Found. 

20-52 

20-47     20-43 

12-34 

12-37     12-38 

6-26 

6-24       5-37 

3409 

34-29 
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the  reactions  being  too  obvious  to  require  explanation  by  equa- 
tioua 

As  it  is  difficult  to.  prevent  the  action  of  the  alkaline  nitrites 
upon  chloride  of  purpureocobalt  from  going  too  bx  and  decom- 
posing the  new  salt  first  formed,  I  had  recourse  to  a  different 
mode  of  preparation,  by  which  the  salt  can  be  prepared  in  any 
quantity  and  with  the  greatest  fiswility.  A  hot  solution  con- 
taining one  molecule  of  chloride  of  xanthocobalt  was  mixed 
with  a  solution  containing  one  molecule  of  nitrate  of  xantho- 
cobalt On  cooling,  the  nitroso-nitro-chloride  crystallized  in 
beautiful  prismatic  forms.     In  this  case  we  have 

Co,(NH3),,(N0  )  Cl,+Co,(NH  )     (NO,),(N03),==2Co, 

Of  the  crystals  so  formed 

0-6203  gr.  gave  0-3310  gr.  CoSO4=20-31  per  cent  cobalt 
0*9268  gr.  gave  0*3460  gr.  silveriz:  12-24  per  cent  chlorine. 

The  formula  requires  20'51  per  cent  cobalt  and  12-34  per  cent 
chlorine.  A  portion  of  the  crystallized  salt  was  dissolved  and 
precipitated  by  argentic  nitrate.  The  filtrate  from  AgCl  gave 
on  evaporation  crystals  of  nitrate  of  xanthocobalt,  in  which 

0-2972  gr.  gave  0*1469  gr.  CoSO^=:18*81  per  cent  cobalt 

The  formula  of  the  nitrate  requires  18'73  per  cent  These  re- 
sults leave  no  doubt  as  to  the  constitution  and  true  relations  of 
the  chloro-nitrate. 

Oold  salL — When  the  chloro-nitrate  is  dissolved  and  a  solu- 
tion of  aurochloride  of  sodium,  AuCl4Na,  is  added  in  excess, 
long  prismatic  wine-yellow  crystals  are  formed.  Of  these 
crystals 

0*8564  gr.  decomposed  by  zinc  and  sulphuric  acid  gave  0*6300  gr. 
8ilver=24-16  per  cent  chlorine  and  0*2858  gr.  goldz=33*36  per 
cent 

0*4084  gr.  gave  0*1770  gr.  Au+Co=43*34  per  cent  and  by  dif- 
ference 9*98  per  cent  cobalt 

This  formula,  Co2(NH8)io(N03)2(N08)2Cl2+2AuCl8,  requires 

Found. 
Cobalt  9-98  9-98 

Gold  33-33  33.36 

Chlorine  24  03  24*16 

The  salt  is  readily  decomposed  by  boiling  with  reduction  of 
metallic  gold. 

•  Platinum  salt — Platinic  chloride  in  solution  precipitates  the 
chloro-nitrate  almost  immediately  in  the  form  of  wine-yellow 
needles.  After  recrystallization  this  salt  was  analyzed  with 
the  following  results : 
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06405  gr.  fused  with  potassio-sodic  carbonate  ^ave  0*5564  gr. 
8ilverz=28*56  per  cent  chlorine,  0'1986  gr.  platmumi^Sl'OO  per 
cent,  and  0*0697  gr.  cobalt=9'33  per  cent. 

The  platinum  and  cobalt  were  weighed  together  as  metals 
after  reauction  by  hydrogen,  and  the  cobalt  was  then  dissolved 
by  long  boiling  with  nitric  acid. 

This  formula,  Co2(NH8)io(NO,)8(N08)8Cl,4  2PtCl4,  requires 


Found. 

Cobalt 

9-40 

9-33 

Platinum 

31*55 

31*00 

Chlorine 

28-28 

28*55 

The  salt  had  no  water  on  heating  to  140°  C. 

(To  be  contmued.) 


Art.  XIX. — On  the  Mechanism  of  Siromboli;   by  Robert 

Mallet,  M.A.,'F.RS. 

[Abstract  of  a  paper  received  by  the  Royal  Society  of  London,  May  17, 1874,  and 

read  June  26,  1874.J 

Stromboli  stands  unique  (omitting  the  as  vet  imperfectly 
known  Masaya  in  Central  AmericaY  amongst  the  volcanoes  of 
our  globe  as  characterized  by  the  rnythmical  recurrence  of  its 
outbursts,  which  have  continued  with  but  little  alteration  for 
more  than  2000  years.  The  phenomena  of  Stromboli  have 
been  more  or  less  accurately  described  by  several  authors,  from 
Spallanzani  and  Hoffman  to  Scrope  and  Daubenay.  The  last 
but  one  of  tliese  has  proposed  an  explanation  of  the  phenomena 
presented  by  the  recurrent  outbursts  at  short  intervals  of  time, 
which  within  rather  narrow  limits  are  constant,  and  in  the  tradi- 
tional convictions  are  supposed  to  have  some  connection  with 
the  state  of  the  weather  or  of  the  barometer.  This  author  points 
out  that  these  explanations  fail  wholly  to  account  for  the  long 
continued  rhythmical  action  of  this  volcano,  and  for  any  pre- 
sumable connection  with  the  weather. 

The  writer,  in  company  with  Colonel  Henry  Yule,  B.E. 
(well-known  for  his  embassy  in  Siam,  as  editor  of  Marco  Polo's 
Travels,  and  for  other  important  labors),  examined  Stromboli 
and  other  islands  of  the  Lipari  group  in  1864,  and  describes 
more  systematically  and  minutely  than  has  been  done  by  pre- 
\dous  writers,  to  his  knowledge,  the  circumstances  and  phe- 
nomena of  rhythmical  eruption  presented  by  the  volcana 
He  then  briefly  refers  to  the  history  of  observation  as  respects 
the  geysers  of  Iceland ;  to  some  of  the  circumstances,  as  to 
those  experimentally    ascertained  by  Henderson,  and  to  the 
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able  explanation  of  their  rhythmical  action  given  by  Bunsen 
and  Des  Cloizeaux.  He  then  points  out  that  Stromboli  presents 
the  rhythmic  recurrence  of  outburst  of  a  geyser  combined  with 
the  eruptive  action  of  a  volcano  of  small  energy,  and  suffgests, 
aided  by  a  diagram,  the  very  simple  mechanism  by  which  this 
combination  is  produced  at  Stromboli ;  and,  comparing  the 
action  of  such  mechanism  with  the  actual  phenomena  presented 
by  the  volcano,  shows  that  they  tally  with  each  other  minutely, 
'fhe  crater  of  Stromboli  consists  of  a  deep  cavity,  at  bottom  of 
which  is  a  tundish-shaped  funnel,  formed  chiefly  of  the  loose 
material  which  after  each  outburat  falls  back  into  the  crater. 
More  or  less  liquid  lava  finds  its  way  by  a  lateral  duct  into  the 
bottom  of  this  funnel  of  loose  material,  which  it  partially 
solders  together  in  the  period  between  successive  outbursts. 
Below  this  mass  of  loose  material,  and  penetrating  to  a  depth 
considerably  below  the  sea  level,  which  is  about  400  feet  below 
the  bottom  of  the  crater,  is  the  tube  which  in  all  ordinary  vol 
canoes  carries  up  together  the  mixed  steam  and  liquid  lava 
that  are  erupted  through  it  and  the  crater.  In  this  instance 
the  tube  is  supplied  with  water  percolated  from  the  sea,  which 
is  heated  by  the  high  temperature  of  the  ducts  through  which 
it  passes  by  the  heated  walls  of  the  tube,  and  by  jets  of  super- 
heated steam  driven  into  its  lower  extremity  by  ducts,  which, 
like  those  that  conduct  the  lava  to  the  bottom  of  the  crater 
above,  are  derived  from  the  great  volcanic  channels  much  more 
centrally  situated  in  the  island,  and  belong  to  the  great  craters 
by  which  the  island  itself  was  formed.  The  tube  with  its 
water  and  steam  ducts  thus  performs  the  rhythmical  functions 
of  alternate  outbursts  and  quiescence  that  belong  to  the  geyser, 
and  the  ascending  column  of  water  in  the  tube,  when  the  boil- 
ing point,  due  to  statical  depth,  superincumbent  tension,  and 
obstructions  at  the  bottom  of  the  crater,  has  been  reached  for 
all  parts  of  its  height,  is  driven  forth,  throwing  the  loose  material 
mingled  with  liquid  lava  out  of  the  crater  before  it  in  a  cloud 
of  stones,  dust,  shreds  of  semi-liquid  lava,  and  steam,  and  per- 
haps pulverized  water.  The  main  mass  of  the  solid  ejecta  fall 
back  ^nto  the  crater,  to  be  again  expelled  by  the  next  outburst. 
Several  facts  and  details  are  adduced  tending  to  corroborate 
this  as  being  the  true  mechanism  of  this  singular  volcanic  vent, 
and  several  inaccuracies  of  description  of  preceding  writers, 
more  especially  the  statement  that  the  bottom  of  the  crater  is 
about  2000  feet  above  the  level  of  the  sea,  are  corrected — the 
authors  levels  being  derived  from  approximate  barometric 
measurements.  The  author  then  refers  to  the  old  traditions 
still  current  as  to  connections  in  the  way  of  cause  and  effect 
between  the  phenomena  of  the  volcano  and  those  of  weather, 
etc.     He  points  out  that  the  explanation  previously  given  of 
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the  supposed  mechanism  of  Stromboli  fail  as  completely  to 
account  for  any  sucb  connection  as  they  do  to  explain  the 
rhythmical  action  of  the  volcano  itself.  The  only  distinct 
relations  that  can  be  gathered  from  the  inhabitants  of  the 
Lipari  group,  between  the  appearances  presented  by  Stromboli 
with  different  stntes  of  weather,  wind  or  atmospheric  pressure, 
are  shown  to  be  not  those  of  direct  cause  and  effect,  but  to  be 
referable  to  acknowledged  meteorological  principles. 


Art.  XX. — Brief  ContribtUiona  from  the  Physical  LaboTatory 
of  Harvard  CoUege.  No.  XL — Increase  of  Magnetism  in  a  bar 
of  aofl  iron  upon  the  reversal  of  Uie  magneiizing  current ;  bj 
William  A.  Bdknham. 

In  testing  the  intensity  of  the  magnetism  ioduced  in  a  bar  of 
soft  iron  which  forms  the  armature  common  to  two  electro- 
magnets, according  to  the  method  described  by  Mr.  Sears  in 
the  July  number  of  this  Journal  for  the  present  year,  the  gal- 
vanometer indicates  an  increase  in  intensity  of  the  tut^oetic 
state  of  the  bar  on  the  first  passage  of  the  current  through  the 
magnetizing  helices,  after  a  reversal  of  the  poles  of  the  battery. 
This  increase  disappears  upon  subsequent  magnetizations  of 
the  bar.  Various  observations  were  taken  by  placing  the  in- 
duction coil  C  (see  paper  by  Mr.  Sears  in  the  July  number  of 
this  Journal)  at  different  distances  on  the  bar  which  was  mag- 
netized. A  bar  of  soft  iron  was  experimented  with  in  the  first 
instance,  the  coil  C  being  at  a  distance  of  five  centimeters  from 
the  middle  or  zero  point  A  Thomson's  reflecting  galvanome- 
ter was  used  and  the  readings  were  taken  when  the  circuit  was 
made  and  also  when  it  was  broken.  The  following  table  shows 
the  results  with  C  at  various  distances  upon  the  Imr. 


bar  in  ccntimelera. 

.  I    , 

9 

m 

Cooatant    defiootiona    on   mnkiag   and 
breakiDg  circuit 

<0 

60  50 Uoleo 

7^0 

Vo 

80  80 

•f 

Deflection  oa  the  first  pasasge  of  the 
current  after  dumging  die  polos. 

90 

.^0 

iiofioisnnoiso 

m 

noso 

-1. 

19OJ1O0 

Batum  to  constaQl  dcaeotiODS  □□  xecood 
and  succeeding  pBBsaifeB  of  the  current. 

4( 

411 

r,o  .-(I'fin'fin 

-0 

70 

-1^ 

80  80 

90  ■» 

It  will  be  seen  by  this  table,  that  when  the  coil  C  stands  at 
a  distance  of  five  centimeters  from  the  zero  point  on  the  arma- 
ture upon  making  the  circuit,  the  galvanometer  needle  awmgB 
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to  the  left  40°,  and  upon  breaking  the  circuit  it  is  deflected 
40°  to  the  right  The  nigns  ia  our  table  denote  this  change 
of  direction.  When  the  poles  are  reversed  and  the  circuit 
made,  it  swings  90°  to  the  right,  and  when  broken  60°  to  the 
left,  returning  to  the  constant  deflection  of  40°  upon  the  second 
and  each  succeeding  passage  of  the  magnetizing  current  while 
the  poles  remain  the  same.  In  the  same  manner,  when  the 
coil  stands  at  6,  7,  8,  etc,  the  first  swings  of  the  galvanometer 
needle  are  respectively  50  to  50,  60  to  60,  etc.,  increasing  in 
i^ular  proportion  upon  each  reversal  of  the  poles  and  return- 
ing upon  each  second  and  succeeding  passages  of  the  current 
to  constant  deflections.  The  following  are  the  results  when  a 
bar  of  Bteei  was  substituted  for  the  soft  iron. 

Tabu  n. 


Dittancea  of  C  from  the  middle  of  the  ^ar  iii| 

6 

7 

B 

9 

ID 

circuit 

2^20 

30 

30 

«J40 

+  1- 
60'B0 

GO 

60 

+ 
10 

70 

DoflectionB  on  the  Bret  passnge  of  the  ourrent 
after  changing  the  poles. 

« as  BO 

3B6045 

4^ 

80 

65 

BO 

+ 
75 

Return  to  constant  deQectiooa  on  second  anc 

^uto 

- 

3^0 

-1  + 
JO -10 

-!-t 

7o 

b^oVo 

70 

In  the  case  of  steel,  when  the  coil  C  stands  at  a  distance  of 
five  centimeters  from  zero,  the  galvanometer  needle  swings 
from  +20°  to  —20°.  Upon  reversing  the  poles  it  is  deflected 
+40°  and  —25°,  and  returns  to  20°  upon  the  second  passage 
of  the  magnetizing  current  By  comparing  Tables  I.  and  II.  it 
will  be  seen  that  the  increase  of  magnetization  after  a  reversal 
of  the  poles  is  not  so  great  in  iron  as  in  steel,  owing  doubtless 
to  permanent  magnetism  in  the  steel. 


No.  XIL — On  the  Effect  of  Longitudinal  Vibrations  upon  Electro- 
magnets; by  E.  L.  Caenev. 

If  a  bar  of  iron  or  steel  which  is  rendered  magnetic  by  a 
magnetizing  spiral  receives  a  sharp  blow  or  shock,  an  induced 
current  ia  generated  in  acoil  of  fine  wire,  which  is  slipped  upon 
the  bar  and  is  connected  with  a  galvanometer.  This  current 
is  opposite  in  direction  to  that  of  the  magnetizing  current 
("Wiedemann,  Oalvanismus  wid  Ehktromagnetismus,  1863,  pp. 
875,  897.  Also  Dr.  Emil  Villari,  Ueber  den  transversalen  Magne- 
tiamua  des  Eisens  und  des  Slahles,  Pogg.  Ann.,  cxxxvii,  1869,  pp. 
669-691.)     This  investigation  was  undertaken  to  ascertain  the 
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effect  of  the  excursion  to  and  fro  of  the  particles  of  the  iron  in 
the  state  of  longitudinal  vibration.  A  fine  coil,  which  we  shall 
term  C,  was  slipped  upon  the  bars  which  were  experimented 
upon  and  connected  with  a  reflecting  galvanometer.  The  rods 
— 180  cm.  in  length  and  1  cm.  in  diameter — were  firmly 
clamped  at  their  middle  points.  In  the  experiments  which  are 
comprehended  in  Tables  L  and  IL  the  magnetizing  coil  was 
placed  at  right  dngles  to  the  rod  or  bar.  In  the  experiments 
given  in  the  Tables  III.  and  IV.  the  rod  formed  the  core  of  the 
magnetizing  helix.  We  shall  term  the  currents  which  were 
excited  in  the  fine  wire  coil  C,  which  was  connected  with  the 
galvanometer,  on  the  making  of  the  magnetizing  circuit 
secondary  currents ;  and  the  currents  which  were  excited  in 
the  same  coil  by  longitudinal  vibrations,  tertiary  currents. 

Table  I. — The  magnetizing  circuit  was  made  and  broken  in- 
stantly. On  exciting  longitudinal  vibrations,  it  was  found  that 
a  tertiary  current  resulted  which  was  opposite  in  direction  to 
the  secondary  current  due  to  making  the  magnetizing  circuit, 
and  corresponded  in  direction  to  that  of  the  secondary  current 
resulting  from  breaking  the  magnetizing  or  primary  circuit 
With  steel  the  results  obtained  were  constant,  while  with  iron 
they  were  variable.  It  was  found  impossible  to  excite  more 
than  one  tertiary  current 

I  have  called  the  current  made  by  depressing  the  key  on  the 
magnetizing  circuit  {X)sitive  throughout  these  experiments. 

On  the  iron  rod  the  magnetizing  helix  was  forty  centimeters 
from  the  center ;  on  the  steel  rod  only  fifteen. 


Table  I. 


Iron  rod. 


Current  made. 

+ 
55 

50 
70 
55 
5.3 
60 


Current  caused  by 
vibrations. 


36 
45 
45 
44 
40 
38 


Steel  rod. 


Current  mode. 

+ 
30 
30 
30 


Current  caused  by 
vibrations. 


10 
10 
10 


Table  II. — In  this  case  the  key  was  depressed  and  kept  so, 
while  both  secondary  and  tertiary  currents  were  obtained.  In 
some  cases  there  was  more  than  one  tertiary  current,  which 
was  apparently  due  to  the  feebleness  of  the  first  vibration,  as  the 
number  of  deflections  so  obtained  was  more  noticeable  when 
such  was  the  case.  However,  this  could  not  have  been  the 
sole  cause,  for  more  than  one  tertiary  current  appeared  when 
the  vibration  was  all  that  could  have  been  wished  for.     In  the 
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case  of  the  iron  rod  it  will  be  noticed  that  the  tertiary  vibra- 
tions are  greater  than  the  secondary,  while  the  reverse  is  true 
with  the  steel  rod. 

The  current  was  then  broken  and  the  amount  of  deflection 
noticed;  and  afterward  a  tertiary  current  obtained  in  the 
usual  way.  The  latter  currents  were  opposite  in  direction  to 
those  previously  described  As  there  is  but  one  instance  of 
more  than  one  tertiaij  being  obtained,  it  was  probably  due  to 
the  feebleness  of  the  first  vibration. 

In  all  these  experiments  the  tertiarj  currents  were  in  the 
same  direction  as  the  secondary  ones,  differing  in  this  respect 
fix)m  those  of  Table  L 

The  magnetizing  helix  in  both  cases  was  fifteen  centimeters 
from  the  center  of  the  rods. 


Iron  rod. 

Current  made. 

Current  caused  by 
vibrations. 

Current  broicen. 

Current  caused  by 
vibrations. 

+ 

+ 

— 

— 

40 

60-10-10 

46 

40-5 

47 

60-6-10-6 

60 

46 

42 

40-15 

40 

30 

16 

20 

10 

30 

15 

80 

17 

30 

17 

32 

Steel 

rod. 

16 

32 

Current  made. 

Current  caused  by 
vibrations. 

Current  brolcen. 

Current  caused  by 
vibrations. 

+ 

+ 

— 

— 

20 

10 

26 

10 

22 

7 

27 

15 

23 

6-3 

29 

16 

20 

10 

20 

10 

Table  ITL — Here  the  magnetizing  coil  was  placed  on  the 
rods  instead  of  at  right  angles  to  them,  as  in  the  previous  cases, 
otherwise  the  experiment  was  performed  as  described  in  Table 

n. 

The  only  noticeable  difference  was  the  increased  strength  of 
the  deflections,  and  the  entire  absence  of  more  than  one  ter- 
tiary current  In  the  case  of  the  iron  rod,  when  the  current 
MTcw  broken  the  tertiary  current  was  greater  than  the  secondary, 
while  in  Table  IL  the  tertiary  current  was  greater  when  the 
current  was  m^de. 

On  the  iron  rod  the  magnetizing  helix  was  distant  forty  cen- 
timeters from  the  center ;  on  the  steel  rod  twenty-two. 
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Iron  rod. 


Current  made. 

Current  caused  by 
Tibrations. 

Current  broken. 

Cnrrent  caused  bj 
vibratiooa. 

+ 

+ 

^ 

— 

80 

60 

55 

70 

70 

62 

45 

65 

70 

47 

55 

65 

68 

60 

• 

Sted  rod. 

Current  made. 

Current  caused  by 
vibrations. 

Current  made. 

Current  caused  by 
vibrations. 

+ 

+ 

^ 

— 

82 

25 

32 

32 

20 

20 

28 

24 

27 

29 

30 

18 

28 

5 

30 

24 

30 

16 

26 

17 

Table  IV. — In  all  the  previous  cases  the  circuit  was  made 
while  the  rod  was  not  vibrating. 

Now  the  rod  was  first  set  in  vibration,  and  the  magnetizing 
circuit  was  made  while  it  was  vibrating,  and  the  deflection 
noticed ;  when  the  rod  came  to  rest,  a  tertiary  current  was  ex- 
cited by  setting  it  again  in  vibration. 

Here  again  more  than  one  tertiary  current  was  obtained, 
which  could  not  have  been  due  to  the  feebleness  of  the  first 
vibration. 

It  will  be  noticed  that  the  deflections  obtained  by  the  tertiary 
vibrations  are  opposite  in  direction  to  those  obtained  by  the 
secondary  ones,  as  was  also  the  case  in  Table  L 

On  the*  iron  rod  the  magnetizing  helix  was  distant  forty  cen- 
timeters from  the  center ;  on  the  steel  one  fifteen. 


Iron  rod. 


Current  made  while 
vibmtlnsf. 

Current  caused  by 
vibration  only. 

+ 

^ 

95 

80 

70 

80 

80 

95 

102 

65-20 

100 

55-20 

100 

105 

90 

126 

122 

105-25 

Steel  rod. 


Current  made  while 
rod  was  vibrating. 

+ 
60 

48 

50 

60 

68 

50 


Currt;nt  caused  by 
vibrations  only. 


10 

18 
28 

28-10 
22-2 

7 


All  the  previous  experiments  were  repeated  with  the  rods  at 
right  angles  to  the  meridian,  but  no  noticeable  difl^erence  in 
results  was  obtained.     The  conclusions  are  as  follows : 
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1.  When  the  primary  magnetizing  circuit  was  made  and  in- 
stantly broken,  a  tertiary  current  was  excited  by  the  vibrations 
which  was  less  in  amount  and  opposite  in  direction  to  the 
secondary  current  arising  from  the  magnetism  of  the  bar. 

2.  When  the  primary  magnetizing  circuit  was  made  perma- 
nently, or  in  other  words,  while  the  bar  was  a  permanent  elec- 
tro-magnet, the  tertiary  currents  were  in  the  same  direction  as 
the  secondary ;  and  in  the  case  of  soft  iron  uniformly  greater. 

3.  When  the  rod  formed  the  core  of  the  magnetizing  helix 
the  tertiary  currents  were  in  the  same  direction  as  the  second- 
ary currents ;  and  when  the  magnetizing  circuit  was  broken 
they  were,  in  the  case  of  soft  iron,  greater  than  the  secondary 
currents. 

4.  When  the  magnetizinff  circuit  was  made  while  the  rod 
was  in  a  state  of  vibration  the  tertiary  currents  were  opposite 
in  direction  to  the  primary,  and  in  several  instances  more  than 
one  was  obtained  at  each  trial. 

No.  XTTL — Experiments  on  tlie  Dissipation  of  Electricity  by 

Flames ;  by  J.  W.  Fewkes. 

By  means  of  an  electrometer  made  on  the  principle  of  Sir 
William  Thomson's  quadrant,  I  have  been  able  to  perform  a 
few  experiments  in  relation  to  the  dissipation  of  small  quanti- 
ties of  electricity  by  diflferent  kinds  of  flames. 

These  experiments  were  conducted  with  such  small  Quanti- 
ties of  electncity  as  could  be  obtained  by  rubbing  a  vulcanite 
plate  six  inches  square  with  a  catskin.  The  sensitiveness  of 
the  electrometer  to  the  electricity  thus  formed  was  very  great 
The  experiments  are  given  below. 

Experiment  1.— An  alcohol  la^P,  carefully  insulated,  was 
connected  with  the  electrometer.  The  sections  of  the  quadrant 
to  which  it  was  attached  were  then  charged  bv  means  of  the 
vulcanite  plate,  the  opposite  sections  being  at  the  same  time  in 
connection  with  the  earth.  The  lamp  was  then  carefully 
lighted.  The  spot  of  light,  which  had  been  deflected  to  the 
edge  of  the  scale  by  the  charge,  quickly  returned  to  the  zero 
point,  indicating  a  quick  dissipation  of  the  electricity  by  the 
flame. 

Exp.  2. — The  same  conditions  as  those  in  Exp.  1  were  ob- 
served, with  the  exception  that  a  Bunsen  burner  was  substi- 
tuted for  the  alcohol  lamp.  The  dissipation  of  electricity  was 
the  same  as  before,  and  took  place,  as  near  as  could  be  observed, 
at  the  same  rate  as  before. 

Exp.  8. — I  then  substituted  for  the  Bunsen  flame  a  very  fine 
jet  of  light,  obtained  by  passing  the  gas  through  a  finely 
pointed  ^ass  tube.     The  results  obtained  from  this  experiment 
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indicate  that  the  rate  of  dissipation  is  in  no  respect  related  to 
the  size  of  the  flame. 

Exp,  4. — The  end  of  the  wire  connected  with  the  quadrant 
was  then  placed  so  that  when  the  gas  was  lighted  the  wire  point 
would  be  in  the  flame.  The  quadrant  was  then  charged  and 
the  gas  turned  on  without  being  lighted.  The  spot  of  light 
had  no  movement,  and  gave  no  sign  of  any  loss  of  electricity 
by  the  quadrant.  An  artificial  current  of  air  across  the  wire 
point  likewise  had  no  effect  in  dissipating  the  charge. 

Kxp,  5. — The  end  of  the  wire  was  then  placed  in  the  jet  of 
an  atomizer,  the  same  conditions  being  observed  as  in  Exp  1. 
The  fine  globules  of  steam  and  water  issuing  from  the  atomizer 
had  no  effect  in  dissipating  the  electricity  of  the  quadrant 

I  also  performed  two  very  striking  experiments,  which  seemed 
to  have  some  bearing  upon  this  subject  The  instruments 
used  were  the  same  as  in  the  former  experiments  and  the 
manipulation  was  as  follows: 

Experiment  1.  —  Carefully  insulate  a  wire  communicating 
with  tiie  electrometer,  and  place  its  point  within  a  few  inches 
of  the  flame  of  an  insulated  Bunsen  burner.  Let  the  spot  of 
light  be  at  the  zero  point  Electrify  the  vulcanite  plate  with 
the  catskin  and  hold  it  at  an  equal  distance  from  name  and 
wire  point  It  is  very  difficult  under  these  conditions  to  suffi- 
ciently electrif\'  the  quadrant  so  as  to  produce  any  deflection 
of  the  spot  of  light 

Exp.  2. — Place  the  wire  point  in  the  flame  and  then  hold 
the  electrified  vulcanite  plate  up  to  the  flame  as  before.  The 
sj)()t  of  light  immediately  is  violently  deflected,  indicating  the 
presence  oi  electricity  in  the  quadrant  This  change,  however, 
IS  soon  dissipated  by  the  flame,  and  the  spot  quickly  returns  to 
the  zero  point 

These  last  experiments  seem  to  indicate  that  the  flame  has 
a  much  greater  attraction  for  the  electricity  of  the  vulcanite 
plate  than  the  copper  point  of  the  wire,  tfence  the  diflSculty 
of  charging  the  quadrant  in  the  first  experiment 

When,  however,  the  wire  is  in  direct  communication  with  the 
flame,  as  in  the  second  experiment,  the  flame  and  the  quadrant 
are  at  the  same  potential,  and  the  increase  of  electricity  in  the 
flame  produces  a  corresponding  deflection  of  the  spot  of  light 

No.  XIV. — Polarization  of  the  Plates  of  Condensers  ;  by  A.  S. 

Thayer, 

It  is  well  known  that  in  polarization  batteries,  of  which 
Plautt^'s  battery  is  a  type,  a  combination  of  the  ions,  resulting 
from  electrolysis,  takes  place  when  the  plates  of  the  battery  are 
connected,  and  a  current  results  which  slowly  diminishes  in 
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strength.  In  the  case  of  condensers  made  with  solid  dielectrics 
the  same  diminishing  current  is  observed,  and  the  following 
experiments  would  seem  to  show  that  it  might  be  due  to  an 
electrolysis  or  decomposition  of  the  material  separating  the 

Slates  of  tin-foiL  The  experiments  consisted  in  placing  con- 
ensers  of  various  kinds  in  a  circuit,  through  which  a  current 
was  made  to  pass  by  two  Bunsen's  cells,  and  noting  their 
changes.  The  plates  of  the  condensers  were  of  tin-foil  and  had 
an  area  of  about  fifteen  square  inches.  The  experiments  were 
as  follows : 

(1.)  The  dielectric  used  was  a  sheet  of  dr^  glazed  paper.  The 
condenser  could  not  be  charged  so  as  to  give  a.  perceptible  dis- 
charge. 

(2.)  When  a  sheet  of  glazed  paper,  moistened  with  shellac, 
was  substituted  for  the  dry  paper,  the  discharge  was  sufficient 
to  send  the  light  off  the  scale  of  the  galvanometer,  and  con- 
tinued for  some  minutes. 

(8.)  Dry  goldbeaters*  skin  was  used  as  a  dielectric,  and  no 
deflection  could  be  obtained. 

(4.)  The  goldbeaters*  skin,  when  moistened  with  shellac,  gave 
a  slowly  diminishing  deflection. 

(5.)  The  dielectric  was  made  by  flowing  the  surfaces  of  the 
plates  with  a  solution  of  wax  and  gasoline,  and  a  slowly  di- 
minishing deflection  was  obtained. 

(6.)  The  condenser  used  in  (4)  was  tried  again  after  the  shel- 
lac bad  dried  and  again  gave  a  diminished  deflection  less  than 
the  first  deflection. 

(7.)  The  condenser  used  in  (5),  when  tried  again  after  a  day 
or  two,  did  not  again  give  a  deflection. 

(8.)  Unglazed  paper  dry  and  oiled  gave  no  deflection. 

(9.)  Glazed  paper  oiled  gave  a  very  slight  deflection,  and  the 
galvanometer  needle  immediately  returned  to  zero. 

(10.)  Glazed  paper  wet  with  water  and  covered  with  shellac 
gave  the  greatest  deflection  of  all  the  dielectrics.  The  light 
was  sent  completely  off  the  scale  and  was  only  brought  back 
by  shunting  tne  galvanometer.  The  discharge  also  continued  a 
long  time. 

(11.)  The  conducting  power  of  some  of  the  various  dielec- 
trics was  tested.  The  goldbeaters'  which  had  been  covered 
with  shellac  transmitted  no  current  after  it  had  been  allowed 
to  stand  for  a  week.  Freshly  oiled  and  dry  oiled  paper  did 
not  conduct  at  all.  Glazed  paper  covered  with  shellac  gave  a 
deflection  nearly  off  the  scale.  Glazed  paper  wet  with  water 
and  covered  with  shellac  transmitted  a  current  sufficient  to 
send  the  light  entirely  off  the  scale. 

What  these  experiments  directly  go  to  show  are,  first,  that 
condensers  with  moist  dielectrics  received  a  greater  charge  than 
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those  made  with  dry,  and  second,  that  the  better  the  dielectric 
conducted,  the  greater  the  charge  the  condenser  was  capable  of 
receiving.  From  these  facts  it  would  seem  that  the  slow  dis- 
charge of  these  condensers  was  very  probably  due  to  polariza- 
tion. The  best  condensers,  as  shown  by  the  experiments,  pos- 
sessed dielectrics  which  were  moist  and  possessed  considerable 
conductivity.  The  dielectrics  when  dry  scarcely  conduct  at 
all.  Their  conduction  when  moist  must  therefore  have  been 
mainly  due  to  electrolysis,  since  liquids  conduct  electricity 
only  in  very  small  quantities  without  oeing  decomposed.  The 
electrolyte  was  therefore  decomposed,  and  the  re-combination 
of  the  products  of  decomposition  caused  the  return  current 
An  exact  analogy  is  thus  determined  between  the  case  of  the 
lead  plates  and  these  condensers.  Whether  it  is  an  analogy 
that  would  hold  in  the  case  of  all  condensers  which  slowly  dis- 
charge themselves,  is  an  interesting  question. 


SCIENTIFIC    INTELLIGENCE. 

L  Physics. 

1.  Dieleetricity  of  Insulators, — M.  L.  Boltzmaxn  has  presented 
to  the  Vienna  Academy  of  Sciences  a  paper  on  an  experimental 
determination  of  tlio  coiiatant  of  dieleetricity  of  insulating  bodies. 
Faraday  first  observed  the  property  of  insulating  solid  bodies  of 
being  dielectric,  that  is,  of  increasing  the  capacity  of  a  condenser 
by  their  presence  between  its  two  plates.  Siemens,  and  later 
Gibson  and  Barkeley,  have  studied  tiie  phenomenon  experimen- 
tally, while  Clansiua,  Maxwell  and  Ilelmholtz  have  sought  for  the 

theoretical  conditions.    Hepresenthig  by  --r^.  and  -rrr-r    the   differ- 

*  °    ^  a  At         dNe 

ential  ratios  of  the  potential  on  the  inner  and  outer  faces  of  the 

insulator,  alonsc  the  normal,  the  quotient   ^ttf  •  tt^.  will  be  the 

"  dl^e     a  Ah 

constant  of  dieleetricity  D,  Neglecting  the  free  electricity  ac- 
cumulated at  the  borders  of  the  plates  of  the  condenser,  and  call- 
ing //  the  distance  of  the  two  i)lates,  or  the  thickness  of  the  dielec- 
tric layer,  the  capacity  of  the  condenser  will  be  inversely  propo^ 

tional  to  7/1 — ^i  +  y.. 

The  measurement  of  the  quantity  of  electricity  was  made  by  a 
Thomson's  electrometer.  The  condenser  was  charged  by  a  bat- 
tery of  1 8  Daniell  cells.  The  condenser  was  made  of  the  form 
proposed  by  Kolilrausch.  The  insulators  were  hard  caoutchouc, 
paraffine,  sulphur  and  resin  ;  then  as  imperfect  insulators,  stearise, 
glass  and  gutta-percha.     The  theoretical  conclusions  of  Helmholti 
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on  the  relation  between  the  capacity  of  the  condenser  and  the 
thickness  of  the  insulating  layer  and  plates  were  verified  even 
when  there  were  several  insulating  plates  instead  of  one. 

These  experiments  were  made  both  with  a  momentary  and  with 
a  continaous  charge;  both  cases  gave  nearly  equal  capacities. 
From  this  we  ma^  conclude  that  the  dielectric  polarization  is 
produced  quite  rapidly. 

The  author  found  as  probable  values  of  the  constant  of  dielec- 
trieity  the  numbers  for  sulphur,  3*86  ;  hardened  caoutchouc,  8*16; 
resin,  2'55  ;  paraffine,  2*32. 

Maxwell  arrived  at  the  conclusion  that  the  square  root  of  the 
constant  of  dielectricity  ought  to  equal  the  index  of  refraction. 
The  following  table  shows  that  this  law  holds  true  quite  within 
the  limits  of  probable  error : 

4/D.  Index  of  refraction. 

Sulphur,  1-960  2*060 

Resin,  1*697  1*563 

ParaflSne,  1*623  1*686— 1*616 

Pofjg.  AnnaL,  cli,  682  ;  £ib.  Univ.^  cxcviii,  202.  b.  c.  p. 

2.  Flow  of  Saline  Solutions  through  Capillary  Tubes, — M.  T. 
HGbensb  finds  that  the  velocity  of  flow  of  solutions  in  capillary 
tubes  appears  to  depend  solely  on  their  weight  and  capillary 
adhesion.  Thinking  that  besides  the  adhesion  and  weight,  the 
intermolecular  friction  must  be  an  important  factor  in  determin- 
ing the  velocity,  he  compared  a  number  of  solutions  brought  to 
the  same  densitv,  but  having  very  different  chemical  composi- 
tions. The  liquid  was  introduced  mto  a  vertical  rectilinear  glass 
tube  50  cms.  in  length  and  1*75  cms.  in  diameter,  having  a  capil- 
lary continuation  about  60  cms.  in  length.  The  large  tube  pre- 
sented two  marks,  and  with  a  seconds-watch  the  time  which  was 
required  for  the  level  of  the  liquid  to  fall  from  one  of  these  marks 
to  the  other,  was  accurately  measured. 

Operating  in  this  way  upon  solutions  of  chloride,  bromide  and 
iodide  of  potassium,  chloride  of  sodium  and  ammonium,  with  a 
density  of  1*069  and  a  fixed  temperature,  the  author  ascertained 
that  the  velocity  of  flow  of  saline  solutions  is  as  much  lower  as  the 
atomic  weight  of  the  salt  dissolved  is  less.  For  the  different 
binary  bodies  above  indicated,  it  is  the  metal  which  has  the  great- 
est influence  upon  the  velocity  of  flow,  much  more  than  the  met- 
alloid. The  variations  presented  by  the  velocity  from  one  body 
to  another  are  as  much  more  marked  as  the  tube  is  more  capillary 
and  as  the  concentration  of  the  solution  is  greater. 

On  comparing  two  solutions,  of  chloride  of  sodium  and  of 
ammonium,  at  1*1058  density,  the  author  arrived  at  the  remarka- 
ble result  that  the  times  of  flow  of  these  two  salts  are  found  to  be 
very  sensibly  proportional  to  their  equivalents.  From  this  ex- 
periment and  from  others  analogous,  extended  also  to  the 
chlorides  of  the  alkaline-earthy  metals  barium,  strontium,  magne- 
siom,  M.  HUbener  thinks  it  may  be  concluded  generally,  witn  a 
high  degree  of  probability,  that  the  velocities  of  flow  of  these 
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bodies  in  solution  in  water,  to  a  certain  degree  of  concentration^ 
arc  in  the  same  ratio  as  their  equivalents. 

The  explanation  of  these  facts  is,  according  to  M.  Htlbener,  to 
be  found  in  the  circumstance  that  the  molecules  of  substances 
which  have  a  higher  equivalent  are  larger,  but,  on  the  other  hand, 
in  less  number,  and  consequently  must  eive  rise  to  less  friction 
with  the  solvent  in  which  they  are  held,  thus  communicating 
greater  mobility  to  the  solution. — JBib,  Uhiv,^  197,  75;  PhU. 
Jfag.y  xlviii,  77.  b.  a  p. 

3.  Change  of  Volume  by  Fusiou, — Mr.  R  Maixst  presented 
to  the  Royal  Society,  at  a  recent  meeting,  a  paper  on  the  alleged 
expansion  in  volume  of  various  substances  in  passing  from  a  state 
of  fusion  to  that  of  solidification.  Since  the  time  of  Reaumur  it 
has  been  assumed  that  certain  metals,  including  bismuth,  cast-iron, 
antimony,  silver,  copper  and  gold  expand  at  or  near  their  points 
of  solidification.  Keeently  certain  cast-iron  slags  have  been 
added  to  this  number,  but  the  following  experiments  seem  to 
show  that  except  in  the  case  of  bismuth  the  evidence  is  insuf- 
ficient, and  that  with  iron  and  slag  it  is  quite  erroneous.  ,A  C4>n- 
ical  vessel  of  wronght-iron  about  two  feet  in  depth,  1*6  feet  in 
diameter  at  the  base,  and  with  an  open  neck  six  ioches  in  diame- 
ter, was  weighed  accurately,  empty,  and  also  when  filled  with 
water,  level  to  the  brim  ;  the  weight  of  its  contents  in  water  was 
thu8  obtained.  After  being  dried,  it  was  now  filled  to  the  brim 
with  molten  gray  cast-iron,  additions  of  molten  metal  being  made 
to  maintain  the  vessel  full  until  it  had  attained  its  niaximnm 
temperature  (yellow  heat  in  daylight)  and  maximum  capacity. 
The  vessel  and  its  contents  of  cast-iron  when  cold  were  weighed 
again,  and  tluis  the  weight  of  the  cast-iron  obtained.  From  these 
data  the  specific  gravity  of  the  molten  metal  is  readily  obtained 
after  applying  the  proper  corrections.  The  final  reHult  for  the 
molten  cast-iron  was  found  to  be  6*650.  The  specific  gravity  of 
the  solid  cast-iron  was  determined  in  the  usual  manner  and  found 
to  be  7*170,  or  greater  than  when  in  the  molten  state.  This  result 
was  verified  by  heating  two  similar  10-inch  shells  (1-6  inches 
tliick)  to  the  same  high  temperature  and  filling  one  with  melted 
iron.  Its  dimensions  were  then  measured  every  30  minutes  dm^ 
ing  cooling.  The  second  shell  was  employed  to  measure  the 
permanent  change  of  volume  due  to  heating  and  cooling.  After 
a]^plying  the  proper  and  somewhat  complicated  corrections,  it  was 
found  that  there  was  no  difi*erenee  in  volume  of  the  two  shells  and 
that  the  solid  ball  was  in  perfect  contact  with  the  enclosing 
sphere,  showing  that  no  change  in  volume  of  the  contents  of  the 
shell  had  taken  place,  which  was  further  corroborated  by  the  feet 
that  the  central  j)ortion  was  much  less  dense  than  the  exterior, 
whereas  if  there  was  an  expansion,  the  reverse  would  be  the  case. 

To  account  for  a  solid  floating  on  a  liquid  of  a  less  specific 
gravity  than  its  own,  the  author  assumes  the  existence  of  a  force 
which  he  calls  the  repellant  force.  The  amount  of  this  force  de- 
pends on  the  relation  between  the  volume  and  the  effective  sm^ 
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&ce,  or  surface  indented  by  the  solid.     It  also  depends  on  the 
difference  of  temperature  of  the  solid  and  liquid. 

In  the  case  of  lead,  solid  pieces  float  on  the  liquid  metal, 
although  the  contraction  on  solidifying  is  here  marked  and  well 
known.  In  fact  the  solid  at  70*  has  a  specific  gravity  of  1 1  '361, 
while  when  melted  its  specific  gravity  is  only  1 1  '07.  Floating  or 
flinking  takes  place  according  to  the  relation  between  the  volume 
and  enective  surface ;  thin  pieces  with  large  surface  always  float- 
ing, and  vice  versa. — Niature,  156.  e.  c.  p. 

IL  Geology  and  Natural  History. 

1.  Heasonsfor  some  of  the  changes  in  the  subdivisions  of  Geo- 
logical time  in  the  new  edition  of  DancCs  Manual  of  Geology ; 
by  the  Author. 

(1.)  Archaean  time. — The  first  era  in  geological  history  is  called, 
in  the  old  edition  of  the  Manual,  Azoic  time  or  age.  The  term 
Azoic  was  always  objectionable,  because  it  aflirmed  what  was  not 
proved.  The  aiscovery  of  the  supposed  animal  fossil  called 
.Eozoon^  shortly  after  the  first  edition  was  issued,  led  soon  to  the 
proposed  substitution  of  Eozoic  for  Azoic.  Those  who  received 
the  suggestion  'with  favor  did  not  consider  that  if  the  so-called 
Azoic  included  an  £ozoic  era,  it  included  a  true  Azoic  also,  an  era 
of  rocks  and  seas  without  life ;  for  while  the  rocks  and  seas  of  the 
globe  were  above  the  temperature  of  boiling  water,  the  Eozoic 
era  could  hardly  have  begun.  The  assumption  that  all  those  early 
rocks  were  Eozoic  has  nothing  to  favor  it. 

A  general  term  for  the  whole  era,  free  from  hypothesis,  was 
therefore  needed.  Murchison's  term,  Bottotn  rocks^  was  not  aatis- 
fftctory.  Archcean^  signifying  simply  beginning-time^  was  there- 
fore used.  Under  Archaean  time,  there  are  the  Azoic  and  the 
Eozoic  ages,  although  their  limits  have  not  yet  been  marked  out 
in  the  rocks  of  the  world,  and  probably  never  will  be,  since  the 
rocks  are  now  crystalline,  through  metaraorphism,  and,  with  few 
ezceptionfl,  it  cannot  be  learned  whether  life  existed  during  their 
formation  or  not. 

I  pass  now  to  the  Lower  Silurian  era,  which,  in  the  new  edition, 
is  divided  into  (I)  the  Primordial  or  Cambrian,  (2)  the  Canadian, 
and  (3)  the  Trenton  periods,  instead  of  (1)  the  Potsdam  or  Primor- 
dial, (2)  the  Trenton  and  (3)  the  Hudson  periods  of  the  old  edi- 
doD. 

(2.)  Primordial  or  Cambrian  Period, — This  period  in  the  new 
book  has  unchanged  limits,  except  in  the  removal  of  the  Calcif- 
erous  sand-rock,  the  uppermost  portion,  whose  fossils,  as  stated  by 
Billings  and  the  Geological  Reports  of  Canada,  are  more  nearly 
related  to  those  of  the  following  part  of  the  Lower  Silurian.  The 
word  Potsdam  is  dropped  because  the  Potsdam  sandstone  is  the 
least  characteristic  part  of  the  formation.  The  term  Cambrian 
is  added,  because  the  period  is  identical  essentially  with  the  Cam- 
brian of  the  British  geologists.     The  trilobites  and  other  species 
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found  within  a  few  years  in  the  Cambrian  rocks  of  Britain — till 
then  supposed  to  be  almost  destitute  of  organic  remains — are  all 
Primordial  species,  and  so  they  were  declarea  in  the  annoancement 
of  the  facts  by  the  discoverer.  Lyell,  in  his  Student's  Elements 
of  Geology  (1871),  makes  the  Cambrian  extend  to  the  Tremadoc 
slates,  above  the  Lingula  flags  (or  the  equivalent  of  the  Potsdam 
sandstone) ;  and  he  states  that  all,  from  the  Lingula  flags  to  the 
Menevian  of  the  Lower  Cambrian  inclusive,  are  embraced  in  the 
Primordial  of  Barrande.  Geikie,  in  his  edition  of  Jukes^s  Geol- 
ogy, draws  the  upper  line  below  the  Lingula  flags,  but  says  these 
flags  ^^  pass  down  conformably  into  the  top  of  the  Cambrian  series, 
and  are  indeed  closely  linked  with  that  series,  both  stratigraphi- 
cally  and  paleontologically."  Moreover,  he  adds,  quoting  llamsay, 
the  fossils  of  the  Lingula  flags  differ  to  a  great  extent  generically 
and  almost  wholly  speciiically,  from  those  of  the  overlying  groups. 

The  fossils  of  the  supposed  Huronian  of  Newfoundland,  described 
by  Billings,  are  referred  in  the  work  (p.  176)  to  the  Primordial, 
because  of  the  position  and  the  occurrence  of  fossils.  The  Huro- 
nian is  not  a  formation  of  known  age.  The  original  Huronian 
contains  no  fossils  to  mark  off  the  era,  and  may  yet  turn  out  to  be 
Silurian ;  and  nearly  all  other  regions  or  rocks  called  Huioniao 
have  been  so  pronounced  on  lithological  evidence;  which  is  no 
evidence  at  all,  since  the  kinds  of  the  Huronian  are  not  confined 
to  it. 

(3.)  Canadian  Period, — The  fact  of  the  existence  of  an  impo^ 
tant  Lower  Silurian  formation  in  Canada,  near  Quebec,  abounding 
in  fossils,  and  of  about  the  age  of  the  Calciferous  sand-rock  and 
the  Chazy  limestone,  is  mentioned,  in  the  first  edition  of  this 
work,  as  one  of  the  discoveries  of  the  Canadian  Geological  Survey, 
under  Sir  William  Loi^an.  The  Reports  of  the  Survey  point  out 
the  close  relations  in  fossils  of  the  Calciferous  sand-rock,  Quebec 
group,  and  Chazy,  and  their  rather  wide  separation  from  the  ove^ 
lying  Trenton  limestone,  showing  that  they  represent,  naturally,  a 
distinct  period  in  the  Lower  Silurian  era.  This  is  called  the  Cana- 
dian, because  the  rocks  are  well  displayed  in  Canada,  and  there 
the  most  important  part  of  the  facts  respecting  it  were  first 
brought  to  light. 

(4.)  TVenton  Period, — The  Trenton  limestone  and  the  Cincin- 
nati (or  Hudson  Kiver)  group  are  closely  alike  in  fossils,  and  the 
relation  which  exists  between  them  (one  dependent  on  physical 
changes)  is  best  indicated  by  making  the  two  represent  subdivi- 
sions of  one  period ;  the  differences  being  not  equal  to  those  dis- 
tinguishing periods.  The  JTnd^on  River  (jroup  of  the  old  edition 
of  the  Geology,  was  so  named  fnnn  the  slates  along  the  Hudson 
River.  But  when  Logan  gave  his  strong  reasons  for  regarding 
these  slates  as  of  the  age  of  his  Quebec  group,  most  American 
geologists  felt  it  important  that  the  name  Hudson  River,  as  applied 
to  the  beds  overlying  the  Trenton  limestone,  should  be  changed. 
The  change  has  been  made  to  "  Cincinnati "  group  in  the  recent 
geological  reports  on  the  surveys  of  States  west  of  New  York,  and 
this  term  was  accordingly  adopted  in  the  Geology, 
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(5.J  Upper  SUwrian^  Orxskany  Period, — The  Upper  Silurian,  in 
the  nrst  edition,  closes  with  the  Lower  Helderberg  formation,  in 
accordance  with  the  early  suggestion  of  De  Yemeuil.  It  has 
always  been  doubted  whether  this  places  the  top  of  the  American 
Upper  Silurian  high  enough  in  the  series  to  correspond  with  the 
foreign ;  because  so  many  Upper  Silurian  corals  and  other  species 
of  Britain  occur  higher  up,  tnat  is,  in  the  American  Lower  Devo- 
nian; and,  moreover,  remains  of  terrestrial  plants  exist  in  the 
Upper  Silurian  of  Britain  and  Europe,  but  none  had  been  found 
in  North  America.  Professor  Hall,  in  the  third  volume  of  his 
Paleontology  (1 859),  presents  reasons  for  transferring  the  Oriskany 
period  from  the  Devonian  to  the  Upper  Silurian.  He  says,  of 
these  Oriskany  sandstones,  that  ^^  altnough  usually  very  distinct 
from  the  limestones  below,  there  are  nevertheless  localities  where 
a  passage  occurs  between  the  two  rocks ;  and  in  such  instances, 
some  of  the  fossils,  usually  restricted  to  the  lower  beds  [Lower 
Helderberg],  pass  into  those  above  [Oriskany  beds].  Instances  of 
this  kind  occur  in  Maryland ;  and  from  the  collections  of  the  Can- 
ada Survey,  by  Sir  William  Logan,  we  are  prepared  to  find  in 
some  parts  of  the  Continent  an  intimate  blending  of  these  forma- 
tions." During  the  preparation  of  the  new  edition  of  the  Manual, 
I  received  word  from  Professor  Hall  that  he  still  adhered  to  these 
views;  and  I  accordingly  made  the  change.  Dr.  Dawson  has, 
within  a  few  years,  found  fossil  land-plants  in  beds  at  Gasp^,  on 
the  Gulf  of  St.  Lawrence,  containing  Oriskany  fossils ;  and  now  the 
earliest  known  species  of  this  kind  are  from  the  Upper  Silurian  in 
America,  as  well  as  in  Great  Britain. 

(6.)  Devonian  Age^  CatskiU  Period, — In  the  Appendix  to  the 
first  edition  of  the  Geology,  it  is  stated  that  recent  observations 
made  by  K  Jewett  and  tJ.  M.  Way,  in  Delaware  County,  New 
York,  tend  to  prove  that  the  rocks  of  the  so-called  Catskill  group 
are  probably  all  Chemung.  A  note  on  this  subject,  by  E.  Jewett, 
is  published  in  the  American  Journal  of  Science  for  1862.  But 
since  then,  no  further  facts  on  this  important  question  have  been 
published.  Moreover,  while  the  new  edition  of  the  Geology  was 
m  preparation,  I  received  letters  from  Professor  James  Uall,  of 
Albany,  and  from  J.  Peter  Lesley,  of  Philadelphia  (who  was  with 
Professor  Rogers  in  the  geological  survey  of  Pennsylvania,  and  is 
now  at  the  head  of  the  new  survey  of  the  State),  protesting 
strongly  against  the  conclusion  Mr.  Jewett  had  announced.  For 
these  reasons,  additional  information  appeared  to  be  needed  before 
making  the  Catskill  beds  Chemung.  The  Catskill  formation  of 
Pennsylvania  has  a  thickness,  according  to  Rogers,  of  6,000  feet. 
Reference  to  the  facts  observed  by  Jewett  and  W  ay  were  inadver- 
tently omitted. 

(7.)  Quaternary  Age^  or  Age  of  Man. — This  age  in  the  new 
edition  is  merged  in  the  Quaternary.  The  reasons  for  this,  and 
for  other  modifications  of  statements  introduced,  are  so  fully  given 
in  the  work,  that  they  need  not  be  here  repeated. 

Tlie  term  Quaternary,  which  has  been  substituted  for  Post-ter- 
tiary, is  in  general  use  among  European  geologists.     Moreover, 
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tlie  geological  work  of  the  era  was  so  widely  different  in  its  most 
prominent  features  from  that  of  the  Tertiary  and  preceding  ages, 
that  an  independent  term,  implying  no  special  relation  to  the  Ter- 
tiary, was  desirable ;  and  such  is  Quaternary. 

2.  The  Winged  Fruits  of  the  Carboniferous  genus  Cardiocar- 
pus. — The  genus  Cardiocarpus  was  probably  related  to  the  modem 
Conifers  of  the  Welioitschia  type,  as  shown  by  the  similarity  of 
the  fruit  and  also  by  the  close  relation  of  the  leaves,  if  those 
called  Cordaites  belong,  as  both  Geinitz  and  Newberry  have  in- 
dependently remarked,  to  Cardiocarpus.  The  Welwitschia  is  an 
embryonic  form  of  Conifer,  it  producing  no  leaves  except  the 
cotyledonous ;  but,  while  probably  unlike  Cordaites  in  its  embry- 
onic features,  it  shows  what  leaves  and  fruit  are  consistent  with 
the  type  of  Conifers.  — Dana's  Manual  of  Oeologi/j  pp.  328,  830. 

3.  UocU  of  the  Carboniferous  era  not  made  of  baric. — ^The  sug- 
gestion has  been  made,  in  view  of  the  many  Sigillaria  stumps 
hollowed  out  by  decay  and  flattened  stems  of  other  trees,  found 
ill  the  Coal-measures,  filled  with  shale  or  sandstone,  that  the 
vegetable  debris  from  which  the  coal  has  proceeded  was  largely 
bark,  or  mateiial  of  that  general  nature.  But  the  occurrence  of 
such  stumps  and  stems  outside  of  the  coal-beds,  while  proof  that 
the  interior  wood  of  the  plants  was  loose  in  texture  and  very 
easily  decayed,  is  no  evidence  that  these  trees  contributed  only 
cortical  portions  to  the  beds  of  vegetable  debris.  Moreover,  the 
cortical  part  of  Lepidodendrids  (under  which  group  the  Si^larids 
are  included  by  the  best  authorities)  and  of  Ferns  also,  is  made 
of  the  bases  of  the  fallen  leaves,  and  is  not  like  ordinary  bark  in 
constitution;  and  Equiseta  have  nothing  that  even  looks  like 
bark.  This  cortical  part  was  the  firmest  part  of  the  wood;  and 
for  this  reason  it  could  continue  to  stand,  after  the  interior  bad 
decayed  away, — an  event  hardly  possible  in  the  case  of  a  bark- 
covered  Conifer,  however  decomposable  the  wood  might  be. 
Further,  trunks  of  Conifers  are  often  found  in  the  later  geological 
formations,  changed,  throughout  the  interior,  completely  to  brown 
coal  or  lignite. — Ibid.^  p.  362. 

4.  The  ash  of  the  better  coals  of  the  American    Carboniferous 

age  often  derived  wholly  from  the  plants.  —  The   following  are 

analyses  of  the  ash  of  Lycopods  (1,  2),  Ferns  (3,  C),  Fqtiiseta 

(7,  8),    Conifer  (9),  a  Moss  of  the  genus   Sphagnum  (10),  and  a 

Chara  (11). 
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Analysis  1,  is  by  Ritthausen;  2,  Aderholt;  3,  A.  Weinhold;  4,  Struckmaan ; 
5,  6,  9,  Malaguti  k  Durocber;  7,  8,  E.  Wittig;  10,  H.  VohL;  11,  Schultz-Fleet 

In  the  an^jrses  that  bave  been  made  of  Lyoopods,  the  amount  of  ash  is  3*2  to 
6  per  cent  in  weight  of  the  dried  plant;  of  Ferns,  2*76  to  7*56  per  cent;  of  Equi- 
Betum  arvenae^  18*71  percent;  oi Eq.  TelrruUeia^  26*75  per  cent;  of  Conifers,  mostly 
leas  than  2  per  cent;  of  Charafakda^  31  33  per  cent;  of  Fungi,  310  to  9*5  per 
cent;  of  Lichens,  1*14  to  17  per  cent  (the  last  in  Cladonia)y  but  mostly  between 
1*14  and  4*30  per  cent  In  Lycopadium  dendroidewny  Hawes,  in  hip  analyses, 
found  3*25  per  cent  of  ash ;  in  L.  compkmatumy  5*47  per  cent,  and  in  Equiaehvm 
kjfemaley  11*82  per  cent 

Lycopodium  chamcBcypcurisaus  afforded  Aderholt  51^85  per  cent  of  alumina ;  or, 
when  without  spores,  57*36  per  cent;  while  Ritthausen  obtained  39*07  alumina 
for  this  species,  and  37*87  for  L.  complaruUum.  In  Lycopods,  the  silica  consti- 
tutes 10  to '14  per  cent  of  the  ash.  In  the  ash  of  Mosses  have  been  found  8  to- 
23*58  per  cent  of  potash,  4  to  16  of  silica,  1*06  to  6*56  of  phosphoric  acid,  4*9  to 
10*7  of  magnesia.  Among  Ferns,  the  amount  of  ash,  so  far  as  determined,  varies 
from  5  to  8  per  cent 

The  ash  of  Fungi  affords  21  to  54  per  cent  of  potash,  0*36  to  11*8  of  soda,  1*27 
to  8  of  magnesia,  15  to  60  of  phosphoric  acid,  and  0  to  15*4  of  silica.  Among 
LichenSy  the  ash  of  Cladonia  rangiferina  contains  70*34  per  cent  of  silica;  of 
other  species,  less,  down  to  0*9  per  cent 

JYapa  natanSj  of  bogs,  in  Europe,  affords  13  to  25  per  cent  of  ash ;  and  25  per 
cent  of  this  are  oxide  of  iron  (Fe'O'),  with  a  little  oxide  of  manganese.  Of  the  ash 
of  the  fruit  scales,  over  60  per  cent  are  oxide  of  iron. 

SiDce,  accordiug  to  the  average  composition  of  Lycopods,  the 
dried  plant  affords  5  pounds  of  ash  to  100  of  the  plant,  and  40 
per  cent  of  this  are  alumina  and  silica  (27  alumina  and  13  silica), 
these  two  ingredients  make  up  2  per  cent  of  the  plants.  Ferns, 
with  the  same  amount  of  ash,  afford,  as  the  average,  27  per  cent 
of  silica,  with  no  alumina,  Equiseta  afford,  on  an  average,  20 
per  cent  of  ash,  and  50  per  cent  of  this  may  be  silica.  Supposing, 
now,  that  Lycopods  {iepidodendridSy  etc.)  afforded  one-half  the 
material  of  the  coal-beds,  and  the  other  plants  the  rest,  and  that 
the  silica  and  alumina  of  the  former  averaged  40  per  cent,  and  of 
the  latter  only  27  per  cent,  this  being  all  silica,  then  the  amount 
of  these  ingredients  afforded  by  the  vegetation  would  be  1*66  per 
cent  of  the  whole  weight  when  dried.  This  would  make  the 
amount  of  silica  and  alumina,  in  the  bituminous  coal  made  from 
such  plants  (supposing  three  fifths  of  the  material  of  the  wood  lost 
in  making  the  coal,  as  estimated  on  page  363),  4  per  cent ;  and 
the  whole  amount  of  ash  about  4*75  per  cent.  At  the  same  time, 
the  ratio  of  silica  to  alumina  would  be  nearly  3  to  2. 

Now  many  analyses  of  the  bituminous  coal  of  the  Interior  basin 
have  obtained  not .  over  3  per  cent  of  ash,  or  impurity,  although 
the  general  average,  excluding  obviously  impure  kinds,  reaches 
4*5  to  6  per  cent;  being,  for  the  coals  of  the  northern  half  of 
Ohio,  6*12,  and  for  the  southern  half  4*72  percent 

It  hence  follows  that  (1)  the  whole  of  the  impurity  in  the  best 
coals  may  have  been  derived  from  the  plants ;  (2)  the  amount  of 
ash  in  the  plants  was  less  than  the  average  in  modem  species  of 
the  same  tribes;  (3)  the  winds  and  waters  for  long  periods  con- 
tributed almost  no  dust  or  detritus  to  the  marshes ;  and  (4)  the 
ash,  or  else  the  detritus,  was  greatest  in  amount  toward  the  bor- 
ders of  the  Interior  marsh-region.     In  that  era  of  moist  climate 
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and  universal  forests,  there  was  almost  no  chance  for  the  winds  to 
gather  dust  or  sand  for  transportation. — Ibid.^  pp.  365,  S66. 

6.  Fossil  plants  of  the  Carboniferous  age  in  the  JProiogine  of 
the  Alps. — The  hypothesis  has  been  urged  of  late  years  that  the 
gneissic,  hornblende,  chloritic  and  other  allied  metamorpbio  rocks 
of  New  England  and  the  rest  of  the  world  are  exclusively  pre- 
Silurian-;  and  the  fact  that  the  protogine  (chloritic  gneiss)  of  the 
Alps  had  been  made,  by  one  geologist,  pre-Silunan  has  been 
regarded  by  the  sup[)orter  of  the  hypothesis  as  the  best  evidence 
in  its  favor :  though  if'good  truth,  it  really  proves  nothing  with 
reference  to  the  age  of  the  protogine  of  the  rest  of  the  world. 
But,  in  Nature,  of  July  30th,  occurs  the  following  announcement. 

^^  Prof.  Schimper,  of  Strasburg,  in  a  paper  read  before  the  Botan- 
ical Congress  at  Florence,  claims  to  have  discovered  a  fossil  plant 
in  "protogine,"  a  rock  hitheito  considered  of  igtieons  origin. 
which  occurs  in  the  form  of  erratic  blocks  on  the  sides  of  libnt 
Blanc  and  in  the  plains  of  Piedmont.  The  specimen,  which  was 
collected  by  M.  Sismonda,  and  is  preserved  in  the  Museum  of  the 
Turin  University,  has  been  identined  by  Prof  Schimper  as  Annu- 
laria  sphenophylloides^  a  ])lant,  perhaps  aquatic,  widely  diatributed 
in  the  coal  strata  of  Mont  Blanc." 

6.  The  proposed  genus  Anomalodonta  of  Miller  identical  with 
the  earlier  3Iegaptera  of  Meek, — In  the  first  issue  of  the  Cincin- 
nati Journal  of  Science  I  observe  that  the  editor,  Mr.  S.  A.  Miller, 
proposes  a  new  genus  under  the  name  of  Anomalodonta^  to  include 
a  p:roup  of  shells  allied  to  Ambongchia  of  Ilall.  These  shells  con- 
stitute a  very  interesting  type,  evidently  belonging  to  the  family 
Aviculidje.  Like  Amhonychia^  they  are  destitute  of  an  anterior 
win<r,  but  have,  posteriorly,  a  very  large  one,  which  gives  the  shell 
a  triironal  outline.  Mr.  Miller's  type  specimens  show  them  to 
have  a  broad  striated  area,  such  as  Myalina  possesses,  with,  at 
the  anterior  end  of  the  hinge,  an  oblique  fold  or  ridge,  not  properly 
a  tooth  perhaps,  together  with  a  corresponding  depression,  in  one 
or  both  valves.  We  see  just  such  characters  in  the  broad  forms  of 
Nyalina^  as  for  example  in  3/.  ampla  of  Meek  and  Hay  den,  ao 
that,  altliough  generically  distinct  from  Mr.  Miller's  shell,  there 
seems  to  be  little  to  distinguish  the  latter  except  outline  and  radi- 
ating costse,  unless  he  is  right  in  stating  that  his  shell  has  a  large 
ini]>ression  of  the  anterior  adductor  muscle,  which,  in  view  of  the 
affinities  of  the  shell,  is  very  im])robable,  especially  so  large  an  im- 
pression and  in  so  low  a  position  as  he  has  figured  it.  Compared 
with  Amhonychia^  the  hinge  of  his  shell  differs  materially  in  want- 
ing the  two  anterior  well-defined  teeth  of  that  genus,  and  also  its 
three  elongated  posterio-lateral  teeth. 

This  genus  Anomalodonta  was  proposed  for  a  group  of  shells 
identical  with  the  one  for  which  ^leek  &  Worthen  proposed  the 
subjreneric  name  of  Megaptera  in  the  Proceedings  of  the  Chicago 
Academy  of  Science  in  1806.  Mr.  Miller  himself  states  that  his  pro- 
posed genus  will  include  Ambonychia  {Megaptera)  alata  Meek 
(Ohio  Paleontology,  vol.  i,  p.  1 3 1 ),  of  which  he  says  Mr.  U.  P.  James 
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has  specimens  showing  the  same  hin^e  characters.  He  also  states 
that  nis  proposed  gends  will  include,  among  others,  Megaptera 
Casei  of  Meek  <fe  Worthen,  which  is  the  type  species  of  Megaptera. 
In  short,  he  proposes  a  new  genus  to  include  the  type  of  a  previ- 
ously established  one,  together  with  another  species  of  the  same, 
described  by  one  of  the  authors  of  the  forenamed  genus.  Megap- 
tera has  unquestionable  priority,  and  must  stand  before  Mr.  Mil- 
ler's name  and  all  others  also,  unless,  however,  the  name  Megap- 
tera may  be  objected  to  on  account  of  its  previous  use  by  Dr. 
Gray  for  a  genus  of  whales.  Even  in  that  case  Mr.  Miller's  name 
could  not  lAand,  because  Mr.  Meek,  in  the  Proceedings  of  the  Phil- 
adelphia Acad.  Nat  Scl,  1872,  proposed  to  use  the  name  Opis- 
tho]^€ra  as  a  substitute  in  case  such  objection  should  arise.  In- 
deed, I  am  informed  by  a  friend  that  Mr.  Meek  in  his  work,  now  in 
manuscript,  has  decided  to  use  the  name  Opisthoptera  Casei  and 
O.  akUaioT  Megaptera  Casei  and  M.  alata. 

The  fact  that  Meek  A  Worthen  did  not  describe  the  hinge  of 
Megaptera^  which  was  unknown  to  them,  in  their  generic  diagnosis, 
has  no  bearing  upon  the  question  of  priority.  If  it  were  otherwise, 
few  genera  of  fossils  would  be  allowed  to  stand  after  the  discovery 
of  more  perfect  specimens  than  the  original  workers  posscRsed. 
Nor  does  the  fact  that  Meek  <fe  Worthen  called  theirs  a  sub-genus 
affect  the  question,  for  the  rule  clovers  such  cases  as  well  as  others, 
and  the  use  of  such  a  designation  under  similar  circumstances  in- 
dicates on  the  part  of  an  author  a  degree  of  caution  that  all  true 
naturalists  will  approve. 

Further,  upon  comparing  Mr.  Miller's  description  of  his  species 
gigantea  with  Meek's  alaia^  I  am  unable  to  find  that  the  former 
possesses  characters  sufficient  to  separate  it  specifically  from  the 
latter.  Mr.  Miller  seems  to  have  relied  solely  upon  the  large  size 
and  the  preservation  of  concentric  striae  of  his  shell  to  separate  it 
from  M.  alata.  As  Mr.  Meek  distinctly  mentions  the  existence  of 
the  strise  in  his  shell,  Mr.  Miller's  species  seems  to  be  reduced  to 
the  very  insufficient  ground  of  size  alone.  c.  a.  w. 

7.  On  the  Qualernary  containing  the  New  Brunswick  fossil 
Cetacean/  on  Niagara  Coral  re^s ;  and  on  Niagara  fossils  in 
trap;  by  Rev.  D.  Honeyman.  (From  a  letter  to  J.  D.  Dana,  dated 
Halifax,  N.  S.,  Provincial  Museum,  Aug.  6.) — I  have  just  returned 
from  the  locality  of  the  fossil  Cetacean,  in  New  Brunswick.  I 
have  examined  the  bed  of  the  fossil  and  found  it  a  clay  covered 
with  from  twelve  to  twenty  feet  of  sand  and  gravel.  In  the  bed  I 
found  well-preserved  shells,  e.  g.,  JSalanus  Hameri^  Bucduum  tin- 
datum^  Fusus  tornatuSy  Natica  Grcenlandica,  N.  helicoides^  Leda 
caudata^  L.  truncata,  Mya  arenaria^  M,  truncata^  TeUina  Groenr 
landica^  T.  proxima^  and  Saxicava  rugosa.  This  is  one  of  a  series 
of  cuttings  extending  from  Bathurst  toward  Canada.  I  have  col- 
lected the  above  and  others  from  cuttings,  six  in  number,  at  inter- 
vals for  a  distance  of  thirty  miles. 

The  Rev.  Mr.  Paisley  described  one  of  these  cuttings  in  the 
Canadian  Naturalist.     This  occurs  about  three  miles  north  of  Bath- 
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urat  at  Somersetvale.  It  is  the  first  cutting  Dorth  of  the  river  Titti- 
goiichc.  The  fossils  are  here  in  the  greatest  variety  and  abundance. 
The  following  measurements  give  the  approximate  height  of  the  bed 
above  the  present  sea  level :  The  heignt  of  the  iron  bridge  over 
the  Tittigouche  is  00  feet ;  the  foundation  is  about  ten  feet  above 
sea  level ;  the  height  of  the  top  of  the  clay  in  the  cutting  is  aboat 
seven  feet  above  the  lieight  of  the  bridge ;  total,  77  feet.  I  found 
the  vertebra  of  a  mammal  with  the  shells  in  this  catting.  As  Dr. 
Gilpin  is  at  ]>reseut  in  the  country,  it  has  not  been  examined. 

I  also  examined  two  other  noteworthv  localities;  one  of  these 
is  Holledune.  On  the  shore  I  found  Niagara  limestone  strata,  hav- 
ing an  abundance  of  corals.  I  collected  fine  specimens  of  Favo- 
sites  (rothlandicay  Ualysites  catenulata^  species  of  CyathophyUum^ 
or  allied. 

At  Cape  Bon  Ami,  I  unexpectedly  came  upon  a  fine  exposure  of 
strata  ot  the  same  age — great  ancient  coral  reefs,  replete  with 
magnificent  8])ecimenH  of  corals,  which  were  found  almost  falling 
out  of  the  rocks,  and  scattered  on  the  shore.  I  collected  magnifi- 
cent specimens  of  Favosites  G otfUandica^  F.  basaUica^  with  si>eci- 
mens  of  Zaphrentis^  sp.  ?,  Ort/ioceras,  sp.  ?,  Strophotnena  depressOy 
Atri/pa  reticularis,  Athyris  nitida^  hhynchoneUa^  sp.  ?  Orthii^ 
sp  ?  and  crinoidal  joints. 

Associated  with  this  is  a  great  dike  of  intrusive  trap.  It  is 
both  basaltiform  and  amygdaloidal ;  geodes  and  amygdules  are 
abundant.  The  minerals  are  agates,  zeolites,  and  calcite.  In  ex- 
aniiiiinu:  the  amygdules,  a  nioniliform  specimen  attracted  my  atten- 
tion ;  t)n  detaching  it  and  examining  it  with  a  magnifying  glass,  I 
found  it  to  be  a  specimen  of  FavosUes  Gothlandicay  which  had 
droj)j)ed  out  of  the  penetrated  Niagara  limestone  strata,  had  be- 
come imbedded  in  tnis  ancient  lava^  and  formed  an  amygdule  in 
common  with  the  agates,  etc.  On  examining  the  mass  of  amyg- 
daloidal trap  at  a  short  distance  from  its  line  of  contact  with  the 
fossiliferous  strata,  I  was  fortunate  enough  to  find  another  speci- 
men more  firmly  imbedded  in  the  trap  than  the  preceding,  so  much 
so  as  to  be  wholly  incorporated  with  it,  there  being  small  pieces 
of  agate  imbedded  in  the  hand  specimen  of  enclosing  trap  s<»cured. 
The  exposed  section  of  coral  shows  structure  as  distinct  as  any 
figured  on  page  239  of  your  Manual.  I  also  found  a  detached 
specimen  of  Cyathophylluin  with  trap  attached.  Well-preserved 
fossils  embedded  in  trap  are  new  in  my  experience.  These  indicate 
conditions  which  some  might  be  disposed  to  question.  They  show 
that  the  traj)  was  soft  fluid  when  the  corals  were  imbedded.  They 
show  that  the  trap  was  post-Upper  Silurian.  They  show  that  the 
existing  heat  in  that  part  of  the  mass  was  not  suflicient  to  metamor^ 
phose  the  organism, — or  that  corals  have  a  greater  power  of  resist- 
ance than  other  organic  remains. 

8.  Ifescriptions  of  neio  species  of  GoniatidoBy  toith  a  list  of 
jpreviously  described  species;  hj  J AM^&'H.xLi.,  4  pp.  8vo.  Printed 
in  advance  of  the  27th  Report  on  the  State  Museum  of  Nat- 
ural History.  (Received  from  the  author  in  May  la«t.)  The  spe- 
cies described  are  Goniatites  complancUus  Hall,  (referred,  from  a 
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ecimen,  in  the  4th  volume  of  the  N.  Y.  Paleontology,  to 
ia) ;  and  a  variety  perkUuSy  of  the  Baqie  species,  from  the 
g  in  Cortland  Co.,  N.  Y. ;  G,  unUobcUus  Hall,  from  the 
m  shales,  Cayuga  Lake;  O.  simtslator  Hall,  from  the 
ig,  near  Ithaca ;  &.  ( Clymenia  t)  Nundaia  Hall,  same  local- 
ChemungensiSy  var.  equicoatatuSy  from  the  Chemung  of' 
Pa. 

eliminary  Report  on  the  First  Season^ s  Work  of  the  Geo- 
Survey  of  Yesso;  by  B.  S.  Lyman.  46  pp.  8vo.  Tokei, 
Besides  other  topics,  the  Report  gives  information  respect- 
position  of  the  Yesso  coal,  speaking  of  it  as  brown  coal, 
y  of  Tertiary  age.  Springs  of  thick  oil,  or  rather  black 
le  from  deposits,  perhaps  Tertiary,  in  Washinoki,  Yamu- 
i  and  Idzumisawa. 

?^y  to  Dr.  7\  Sterry  Hunt ;  by  F.  A.  Gbnth.  (Read 
ihe  American  Philosophical  Society,  July  17,  1874.) — Dr. 
7  Hunt  has  published,  in  the  Proceedings  of  the  Boston 
of  Natural  History,  vol.  xvi,  March  4th,  1874,  an  article, 
:  **0/i  Dr,  Gentlrs  Researches  on  Corundum  and  its 
'<ed  minerals^'*  in  which  he  charges  me — in  common  with 
thers — of  having  fallen  into  errors  and  of  having  been  led 
lusions  wholly  untenable^  for  la>ck  of  a  dear  understand- 
to  replacement^  alteration  and  association  in  the  mineral 
n, 

hen  gives  an  outline  of  the  manner  in  which  the  various 
Dns  in  a  mineral  species  may  take  place,  by  replacement, 
ment  and  epigenesis,  with  examples  for  each,  ana  dwells  at 
mgth  upon  the  fallacy  of  considering  the  alterations  of 
linerals  and  rock  masses  as  the  result  of  an  epigenic  pro- 
doctrine  which  has  been  embodied  in  the  dictum  of  xVo- 
^ana  :  "  regiojial  7)tetam,orphism  is  pseudomorphism  on  a 
cofo."* 

Hunt  knows  that  this  "dictum  of  Prof.  Dana,"  as  he  calls  it  (which 
86  in  a  sentence  of  a  book-notice  written  by  me  in  this  Journal,  zzy, 
I),  does  not  represent  at  all  the  views  on  metamorphism  that  I  have  held 
ist  twelve  years ;  for,  besides  having  given  him  a  copy  of  my  Geology  in 
ook  especial  pains,  in  1872,  in  my  review  of  his  American  Association 

to  refer  him  to  the  chapter  on  Metamorphism  in  the  work,  that  he 
ad  and  appreciate  the  grossness  of  the  misrepresentation.  He  knows, 
;  the  statement  in  the  preceding  part  of  the  same  sentence  in  his  paper, 
'  advocates  of  the  doctrine  of  transmutation  have  not  hesitated  to  assert, 
I  supposed  evidence  [that  of  facts  connected  with  replacement  and  envel- 
the  conversion  of  almost  every  mineral  species  into  some  other,  and  to 
lis  view  to  rock-masses,  declaring  that  the  greater  part  of  all  ihe  sO'Calkd 
ihie  or  crystaUine  rocks  are  the  result  of  an  epigenic  process^* — ^and  another, 
ct  sentence  following  this,  that  "  the  advocates  of  this  doctrine  maintain  that 
'granite  or  diorite  may  be  converted  into  serpentine  or  limestone^  and  that  a 
may  be  changed  into  granite  or  gneiss^  which  may  in  its  turn  become  serpen- 
th  of  which  he  put  forth  in  the  same  Address),  have  been  shown  by  me 
rue.  For  I  assured  him  in  the  review  and  its  sequel  that  I  had  never 
extravagant  doctrine  thus  attributed  to  myself  and  others ;  that  the  idea 
xwisformations  as  are  above  enumerated  had  never  occurred  to  me  until 

his  foolish  charge  against  "Gustaf  Rose,  Haidinger,  Blum,  Yolger, 
berg,  Dana,  Bischof,  and  many  others,"  in  his  Address;  and  I  demon- 
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He  then  refers  briefly  to  the  results  of  my  investigation  on  conm- 
duni,  in  which  I  hav:e  shown  that  by  ''  epigenic''  pseudomorphism 
this  mineral  has  been  altered  into  numerous  more  complex  species 
and  rock  masses — and  winds  up  by  stating  that  he  noi  only  hat 
carefully  studied  my  paper^  but  has  also  examined  the  extensive 
collection  of  sp€<,*ies  upon  which  my  conclusions  were  bcued^  and 
that— a^  the  phenomena  in  question  are  nothing  more  thum 
examples  of  association  and  etivelopment^  and  thai  the  earundwn- 
bearing  veins  had  their  parallels  in  the  grcmitic  veins  with  beryl 
and  tourmaline  in  the  White  Mountain  rockSj  and  the  calcareous 
veinstones  with  apatite,  pyroxene^  phiogopite  and  graphite  of  the 
Laitrentian  rocks, 

I  may  be  |)ermitted  to  say  a  few  words  in  reply  to  Dr.  Hanf  8 
assertion,  than  1  had  fallen  into  errors  and  had  been  led  to  wholly 
untenable  conclusions. 

When  I  had  tlie  ^ood  fortune  to  obtain  a  few  years  ago  the 
first  real  pseudomorjm  after  corundum — the  spinel  from  India, 
and  afterward  brought  together  numerous  specimens  of  analogous 
alterations,  showing  from  the  same  locality  crystals  of  conindiim 
without  any,  and  others  representing  all  stages  of  alteration  from 
a  thin  coatnig  to  the  complete  disappearance  of  every  vestige  of 
corundum,  and  when  I  proved  that  such  changes  have  resulted  in 
the  conversion  of  corundum  into  al>out  two  dozen  mineral  species; 
I  could  not  understand  how  any  unprejudiced  mind  could  arrive 
at  any  other  conclusions,  but  that  these  extraordinary  occurrences 
which  I  have  described  were  the  result  of  epigenic  pseudomo^ 
phism. 

This  opinion  has  been  adopted  almost  without  exception  by  all 
who  have  had  an  opportunity  to  examine  my  specimens,  or  who 
have  studied  my  ]»aper.  If  Dr.  Hunt  differs  from  me,  I  certainly 
will  not  (h?ny  to  liim  the  right  to  believe  what  suits  his  own 
notions ;  but  when  he  boldly  charges  me  with  having  committed 
errors,  I  want  better  proofs  than  a  repetition  of  his  views,  with 
which  we  were  familiar  long  ago.  He  certainly  has  not  a  single 
fact  which  c<»uld  show  the  fallacy  of  my  conclusions,  or  he  wo3d 
have  i)ro(luce(l  it. 

Tlic  corun<lum  alterations  have  nothing  in  common  with  the 
Fontainebleau  crystals,  or  with  stanniferous  orthoclase,  or  the  green 

8trat«d  tliAt  all  writers  on  pseudomorphism,  with  but  one  or  two  oxoeptionfl,  would 
repudiate  it  as  strongly  as  myself.  Nevertheless,  he  finds  it  to  suit  hiB  pmpose 
to  repeat  the  citation  and  tlie  i)ervertod  statement  without  a  quaUfying  remark. 

My  review  of  Mr.  Hunt's  Address,  and  the  sequel,  in  which  these  points  tie 
fully  discussed,  are  contained  in  volumes  iii  of  this  Jouraal,  page  86,  iv,  page  97, 
1872,  and  v,  paf^  312,  1S7:{.  I  state  that  the  regional  metamorphism  in  which 
serpentine — a  hydrous  majrnesian  rock — is  formed,  has  l)een  regarded  by  writera 
on  pseudomorphi*«m,  myself  included,  as  pseudomorphism  on  a  broad  sode;  and 
that  otlier  hydrous  magnesian  rocks  may  come  under  the  same  category ;  and  I 
still  so  believe  with  regard  to  most  beds  of  serpentine.  But  this  is  no  ground  for 
the  assertions  of  Mr.  Ilunt  above  cited. 

Solitary  in  his  views  on  pseudomorphism  and  defiant  of  facts,  he  shows,  by  his 
efforts  to  fix  absurd  opinions  on  others,  a  degree  of  desperation  in  argument  that 
is,  fortunately,  very  uncommon.  His  way  of  carrying  a  point  is  strongly  in  oon- 
trast  with  Dr.  Genth's  faithful  work.— j.  n.  D. 
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and  red  tonrmalines  from  Paris,  Me.,  or  the  beryls  filled  with 
orthoclase,  or  the  zircon  and  galenite  filled  with  calcite,  and  can- 
not be  explained  rationally  as  examples  of  association  and 
envelopment. 

To  give  strength  to  his  statements,  however,  Dr.  Hunt  says 
that  he  had  ^  examined'*^  with  me  ^^t?ie  extensive  collection  of 
mecitnens  upon  which  my  conclusions  were  based.'''*  When  Dr. 
Hont  favored  me  with  a  \isit,  I  was  in  hope  that  he  woidd  examine 
my  specimens,  bat  his  time  was  so  short  that  he  saw  only  about 
one-tnird  of  them,  and  the  ^^  eocamincUion^^  (/  f)  of  these  was 
finished  in  about  Jive  minutes. 

As  to  his  last  sentence,  I  must  confess  that  I  am  unable  to 
discover  the  least  parallelism  between  the  corundum-bearing  veins 
and  the  granitic  veins,  with  beryl  and  tourmaline,  so  common  in 
the  White  Mountains,  and  the  calcareous  veinstones  with  apatite, 
pyroxene,  phlogopite  and  ^aphite  of  the  Laurentian  rocks ; — but 
oan  see  in  the  former  nothing  but  the  product  of  a  partial,  and  in 
many  instances  of  a  pretty  thorough  alteration  of  the  original 
corundum  into  micaceous  and  chloritic  schists  or  beds,  or,  as  Pro- 
fessor Dana  would  express   it,  '^  a  pseudomorphistn  on  a  broad 

seale.^ 
UniTersity  ci  PennBylvaiiia,  July  4tfa,  1874. 

11.  Note  an  the  Enemies  of  DiMugia ;  by  J.  Leidt.  (Proo. 
Acad.  ScL  Philad.,  p.  76,  1874.) — Prol  Leidy  remarked  that  in 
the  relationship  of  Jjifflugia  sxid  Amoeba  we  would  suppose  that 
the  former  had  been  evolved  from  the  latter,  and  that  its  stone 
house  would  protect  it  from  enemies  to  which  the  Amoeba  would 
be  most  exposed.  The  Difflugia  has  many  enemies.  I  have 
repeatedly  ooserved  an  Amoeba  with  a  swallowed  Arcella,  but 
never  with  a  DifflugicL  Worms  destroy  many  of  the  latter,  and 
I  have  frequently  observed  them  within  the  intestine  of  JV^t>, 
I^ristinay  Chastogaster^  and  .^kolosoma,  I  was  surprised  to  find 
that  Stentor  polymorphus  was  also  fond  of  Dijfflugia^  and  I  have 
fireqaently  observed  this  animalcule  containing  them.  On  one 
cocaaion  I  accidentally  fixed  a  Stentor  by  pressing  down  the  cover 
of  an  animalcule  cage  on  a  Difflugia^  which  it  had  swallowed. 
The  Stentor  contracted,  and  suddenly  elongated,  and  repeated 
these  movements  until  it  had  split  three-fourths  the  length  of  its 
body  through,  and  had  torn  itself  loose  from  the  fastened  Difflih 
gia.  Nor  did  the  Stentor  suffer  from  this  laceration  of  its  body, 
for  in  the  course  of  several  hours  each  half  became  separated  as  a 
distinct  individuaL 

12.  Remarks  on  the  Revivification  of  Rotifer  vulgaris  :  by  J. 
Lbidy.  (Ibid,  p.  88). — ^Prof.  Leidy  remarked  that  during  the 
search  for  Rhizopods,  having  noticed  among  the  dirt  adhering  to 
the  mosses  in  the  crevices  of  our  pavements  many  individuals  of 
the  common  wheel-animalcule.  Rotifer  vidgaris^  he  had  made  some 
observations  relating  to  the  assertion  that  they  might  be  revivified 
on  moistening  them  after  they  had  been  dried  up. 

Two  glass  Blides,  containing  beneath  cover  glasses  some  dirt, 
exhibit^  each  about  a  dozen  active  living  Rotifers.    The  glass 
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slides  were  placed  on  a  window  ledge  of  my  study,  the  thermo- 
meter standing  at  80^.  In  the  coarse  of  half  an  hoar  the  water 
on  the  slides  was  dried  up  and  the  dirt  collected  in  ridges.  The 
next  morning,  about  twelve  hours  after  drying  the  slides,  they 
were  placed  beneath  the  microscope.  Water  was  applied  and  the 
materials  on  the  slides  closely  examine<).  On  each  slide  a  number 
of  apparently  dried  Rotifers  were  observed.  These  imbibed 
water  and  expanded,  and  some  of  them  in  the  coarse  of  half  an 
hour  revived  and  exhibited  their  usual  movements,  but  othen 
remained  motionless  to  the  last. 

The  same  slides  were  again  submitted  to  drying,  and  from  one 
of  them  the  cover  glass  was  removed.  They  were  examined  the 
next  day,  but  several  hours  after  moistening  them  only  two 
Rotifers  were  noticed  moving  on  each  slide. 

I  next  prepared  a  slide  on  which  there  were  upward  of  twenty 
actively  moving  Rotifers,  and  exposed  it  to  the  hot  sun  daring 
the  aflornooiL  On  examination  of  the  slide  the  following  morn- 
ing, after  moistening  the  material,  all  the  Rotifers  continued  mo- 
tionless, and  remained  so  to  the  last  moment. 

From  these  observations  it  would  appear  that  the  Rotifers  and 
their  associates  became  inactive  in  comparatively  dry  positions 
and  may  be  revived  by  supplying  them  with  more  moisture,  bnt 
when  the  animals  are  actually  dried  they  are  incapable  of  being 
revivified.  Moisture  adheres  tenaciously  to  earth,  and  Rotifen 
may  rest  in  the  earth,  like  the  Lepidosiren^  until  returning  waters 
restore  them  to  activity. 

13.  Notice  of  some  neio  Fresh-^cater  Rhizopods  ;  by  J.  Leu)!. 
(Ibid,  p.  77.) — Prof.  Leidy  remarked  that  besides  the  ordinary 
s])ecies  of  Amoeba^  which  he  had  observed  in  the  vicinity  of 
Philadel])hia,  he  had  discovered  what  he  suspected  to  be  a  new 
generic  form.  It  has  all  the  essential  characters  of  Amoeba,  but 
m  addition  is  provided  with  tufts  of  tail-like  appendages  or  rays, 
from  which  he  proposed  to  name  the  genus  Ouramcbba. 

The  rays  project  from  what  may  be  regarded  as  the  back  part 
of  the  body,  as  the  animal  always  moves  or  progresses  in  advance 
of  the  position  of  those  appendages.  The  rays  are  quite  different 
from  pseudopods,  or  the  delicate  rays  of  the  Actinophryens. 
They  are  not  used  in  securing  food,  nor  is  their  function  obvious. 
The  Ourmnceha  moves  like  an  ordinary  Amceba^  and  obtains  its 
food  in  the  same  manner.  The  tail-like  rays  are  not  retractile, 
and  they  are  rigid  and  coarse  compared  with  those  of  Actino- 
phryens.  Tliey  are  simple  or  unbranched,  except  at  their  origin, 
and  they  are  cylindrical,  of  uniform  breadth,  and  less  uniform 
length.  When  torn  from  the  body  they  are  observed  to  originate 
from  a  common  stock  attached  to  a  rounded  eminence. 

Several  forms  of  the  Onrnynceha  were  observed,  but  it  is  uncer- 
tain whether  they  pertain  to  one  or  to  several  species.  One  of  the 
forms  had  an  oblong  ovoid  body  about  ^th  of  a  line  long  and  iV^h 
of  a  line  broad.  The  tail-like  rays  formed  half  a  dozen  tufts, 
measuring  in  length  about  the  width  of  the  body.     The  latter 
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as  60  gorged  with  large  diatoms,  such  as  Navicula  viridis^ 
tgether  with  desmids  and  confervsB,  that  the  existence  of  a 
ideus  could  not  be  ascertained.  The  species  may  be  distin- 
odflhed  with  the  name  of  Oubam<b3a  yobax. 
A  second  form,  perhaps  of  a  different  species,  moved  actively 
id  extended  its  broad  pseudopods  like  Amosba  princ^.  When 
rst  viewed  beneath  the  microscope  it  appeared  irregularly  globu- 
r  and  about  ^th  of  a  line  in  diameter.  It  elongated  to  the  |th 
r  a  line,  and  moved  with  its  tail-like  appendages  in  the  rear. 
hese  appendages  formed  five  tufts  about  ^i^th  of  a  line  long. 
he  interior  of  the  body  exhibited  a  large  contractile  vesicle  and 
discoid  nucleus.  This  second  form  may  be  distinguished  with 
le  name  of  Oubamcbba  lapsa. 

Another  Ouramceba  had  two  comparatively  short  tufts  of  rays, 
id  a  fourth,  of  smaller  size  than  tne  others,  had  a  single  tufl  of 
iree  moniliform  rays. 

It  is  possible  that  Owramod>a  is  the  same  as  the  Plagiophrys 
:*  Glaparede,  though  the  description  of  this  does  not  apply  to 
lat. 

Plagiophrys  is  said  to  be  an  Actinophryen,  furnished  with  a 
andle  of  rays  emanating  from  a  single  point  of  the  body,  but 
le  rays  are  described  as  of  the  same  kind  and  use  as  those  of 
dinophrys.  Plagiophrys  is  further  stated  to  be  provided  with 
distinct  teeument  like  Corycia  of  Dujardin,  or  Pamphagus  of 
ailey,  bat  the  body  of  Ouramceba  is  as  free  from  anv  investment 
I  an  ordinary  Amaba^  and  the  rays  are  fixed  tail-like  appen- 
ijzes,  with  no  power  of  elongation  or  contraction. 
The  species  of  Ouramceba  were  found  among  desmids  and  dia- 
»ms,  on  the  surface  of  the  mud  at  the  bottom  of  a  pond,  near 
arby  Creek,  on  the  Philadelphia  and  West  Chester  Railroad. 
Two  of  the  commonest  species  oi  Difflugia  of  our  neighborhood 
had  until  recently  confounded  together  as  D,  proteiformis^  and, 
frfaaps,  the  two  forms  may  be  included  under  the  latter  name  in 
arope.  In  one  the  month  is  deeply  trilobed,  and  the  animal  is 
aaliy  green  with  chlorophyl  globules.  In  the  other  the  mouth 
orenuuite,  usaally  with  six  shallow  crenulations,  and  the  animal 
devoid  of  chlorophyl.  The  former  is  usually  the  smaller,  and 
ay  be  distinguished  with  the  name  of  D.  lobostoma  ;  the  latter 
ay  be  named  D.  cbenulata. 

fin  an  old  brick  pond,  on  the  grounds  of  Swarthmore  College, 
elaware  County,  among  Difflugia  pyriformis^  2>.  spiralis^  D, 
Tona^  Z>.  acuminata^  and  others  not  yet  determined,  there  occurs 
I  abundance  of  a  large  species,  apparently  undescribed.  It  is 
metimes  the  fourth  of  a  line  in  length,  and  is  compressed  pyri- 
rm,  but  is  quite  variable  in  its  relation  of  length  to  breadth,  and 
the  shape  of  the  fundus  of  the  shell.  This  is  often  trilobate, 
it  from  the  non-production  of  one  or  more  or  all  the  lobes,  differs 
appearance  in  different  individuals.  The  animal  is  filled  with 
lorophyl  grains,  from  which  it  might  be  named  D.  entochlobis. 
Another  large  Difflugia^  allied  to  D,  lageniformis^  is  not  unfre.. 
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quent  about  Philadelphia.  The  shell  is  beautifully  vase-like  in 
shape.  It  has  an  oval  or  sub- spherical  body  with  a  constricted 
neck,  and  a  recurved  lip  to  the  mouth.  The  body  of  the  shell 
opposite  the  mouth  is  acute  and  often  acuminate.  The  animil 
contains  no  chlorophyl.  One  shell  measured  ^  of  a  line  long  by 
^  of  a  line  broad ;  another  measured  ^  of  a  line  long  by  4-  of  a  line 
broad.     The  species  may  be  named  D.  amphora. 

A  Difflugian,  found  in  a  spring  on  Darby  Creek,  is  interesting, 
from  its  transuarency,  which  allows  the  structure  of  the  animal  to 
be  seen  in  all  its  details.  The  investment  is  membranous  and 
apparently  structureless.  The  soft  granular  contents  occupy 
apoui  one-half  of  the  investment,  and  are  connected  with  thiB  oy 
long  threads.  The  i)8eudopods  are  protruded  in  fineer-like  pro- 
cesses. The  form  ol  the  animal  is  compressed  ovoid,  with  the 
narrow  pole  truncate  and  forming  the  transversely  oval  mouth.  It 
is  probably  the  species  Difflugia  ligata^  described  by  Mr.  Tatem, 
of  England.  Its  length  is  about  ^^d  of  a  line.  The  character  of 
the  investment  is  so  different  from  that  of  ordinary  Difflugians 
that  the  species  may  be  regarded  as  pertaining  to  another  genus, 
for  which  the  name  of  Catharia  would  be  appropriate. 

in.   Miscellaneous  Scientific  Intelligbncs. 

1.  Change  of  level  in  the  Great  Salt  Lake. — On  Tuesday,  July 
21st,  under  the  direction  of  Dr.  J.  R.  Park,  of  the  Deseret  Uni- 
versity, a  monument  or  pillar  was  placed  near  the  shore  of  Great 
Salt  Lake  at  Black  Rock,  to  indicate  the  rise  and  fall  of  the  water. 

The  necessity  of  such  an  indicator  has  been  long  apparent  to 
many  of  the  more  intelligent  observers.  Several  years  since, 
Prof.  Henry,  of  the  Smithsonian  Institution,  Washington,  D.  C, 
wrote  to  Mr.  B.  Young  on  the  subject,  and  requested  that  a  fixed 
monument  might  be  placed  in  some  convenient  part  of  the  lake, 
furnished  with  divisions  in  feet  and  inches,  by  which  the  height  of 
the  water  could  be  periodically  measured.  We  are  not  aware 
that  any  notice  was  taken  of  the  Professor's  communication. 
This  request  Prof.  Henry  renewed  last  March,  in  a  communication 
to  Dr.  Park,  soliciting,  at  the  same  time,  some  definite  information 
as  to  the  past  and  present  height  of  the  water  of  the  lake. 

In  common  with  all  others  who  have  given  the  subject  any  con- 
sideration, the  Professor  regarded  this  isolated  body  of  water  as 
an  immense  rain  gauge,  indicating  from  year  to  year  the  changes 
in  the  mean  quantity  of  water  that  falls  m  the  region  constituting 
the  basin  of  which  it  forms  the  bottom.  The  changes  are  indi- 
cated both  by  the  depth  of  the  water  and  the  varying  extent  of 
ground  over  which  it  is  spread. 

It  is  aj)parent  to  all  persons  conversant  with  the  meteorology  of 
the  Great  Basin,  that  rainfall  is  a  term  of  comparatively  trivial 
import  in  this  altitude.  Except  in  the  autumn,  when  the  waters 
are  at  low  stage,  no  rains  occur  here  that  materially  affect  the 
streams  from  which  Salt  Lake  derives  its  volume.     The  evapora- 
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tion  IS  so  great  that  even  the  extraordinary  succession  of  heavy 
rains  that  have  fallen  during  the  present  month  (July)  has  had  no 
perceptible  eflfect  upon  the  waters  of  the  lake — not  even  to  com- 
pensate for  the  amount  of  evaporation  during  the  month.  On  the 
contrary,  such  is  the  intensity  of  heat  and  the  absence  of  moisture 
from  our  atmosphere,  that  the  waters  of  the  lake  have  steadily 
subsided,  showing,  from  the  best  data  obtainable,  a  fall  of  about 
fourteen  inches,  and  this  mostly  in  the  present  month.  Admit- 
ting a  total  surface  area  of  1,800,000  square  feet,  this  would  give 
a  ratio  of  evaporation  of  one  millionth  part  of  an  inch  to  every 
square  foot  of  surface.  The  season  of  high  waters,  then  (when 
the  rivers  and  streams  are  swollen  by  the  melting  of  the  deep 
snows  in  the  mountains),  is  the  only  period  at  which  the  falling  of 
the  lake  is  arrested;  the  rise  continues  until  an  equilibrium  is 
formed  between  the  surface  exposed  and  the  amount  of  evapora- 
tion which  goes  on  from  every  square  foot  of  the  surface. 

It  is  to  be  regretted  that  there  are  no  means  of  definitely  ascer- 
taining the  variations  of  the  lake  since  the  settlement  of  the  val- 
ley in  1847.  It  is  generally  conceded  by  old  residents,  however, 
that  the  lake  is  now  some  twelve  or  fourteen  feet  higher  than 
then. 

Until  the  spring  of  1 852  there  was  no  perceptible  permanent 
rise ;  the  increase  nrom  the  high  waters  of  the  spring,  and  the  sub- 
sidence during  the  autumn,  being  about  equal,  and  the  extreme 
variation  some  fifteen  niches.  P  rom  the  autumn  of  1 852  to  the 
autumn  of  1856  the  snows  fell  heavier  in  the  mountains,  and  pro- 
duced a  corresponding  increase  in  the  volume  and  extent  of  the 
lake ;  exhibiting,  in  the  latter  year,  a  rise  of  some  six  feet  above 
the  lowest  stage  of  1852.  From  18^6  to  1861  a  gradual  subsi- 
dence of  the  waters  took  place,  the  fall  in  1861  reaching  a  mark 
two  feet  below  its  lowest  stage  prior  to  1852.  The  year  1861  will 
be  remembered  by  the  farmers  of  Utah  as  a  season  of  unprece- 
dented drought,  the  crops  being  seriously  injured  from  lack  of 
water  for  irrigation  purposes.  A  contraction  of  the  lakers  surface 
was  also  observable  to  about  three  fourths  of  its  dimensions  in 
]  852  ;  and  more  than  ^alf  of  this  area  was  less  than  five  feet  in 
depth.  Captain  Stansbury,  in  1850-51,  reports  its  greatest  depth 
as  fifty-six  feet. 

In  the  spring  of  1862  the  lake  began  to  extend  its  area  and  con- 
tinued to  rise  until  1 868,  when  it  had  reached  a  point  twelve  feet 
higher  than  the  lowest  stage  of  1861,  with  an  area  estimated  at 
one  and  a  half  times  that  of  1861. 

Since  1868,  up  to  the  present  time,  the  rise  and  fall  have  been 
about  equal,  the  lake  holding  its  own,  with  a  slight  increase  and 
an  extreme  variation  of  about  two  feet. 

The  data  we  have  presented  above  show  conclusively  an  irre- 
pressible determination  of  the  waters  to  rise.  The  mountain 
streams  are  steadily  enlarging.  The  liumidity  of  the  atmosphere 
annually  increases  as  the  area  of  cultivation  in  the  valleys  be- 
comes greater,  and,  as  a  consequence,  the  evaporation  less.     Tens 
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of  thousands  of  acres  of  farming,  meadow  and  pasture  lands  have 
been  submerged  along  the  eastern  and  northern  shores  of  the  lake. 
Many  square  miles  of  valuable  lands  as  yet  available  and  occu- 
pied by  the  farmer,  skirting  the  lake,  would  be  completely  sab- 
merged  should  the  waters  nse  but  a  few  inches  above  the  average 
level  of  the  past  five  years. 

There  is  one  fixed  mark  corroborative  of  the  immense  increase 
in  the  lake  during  the  past  decade.  Prior  to  1861,  Black  Rock 
was  connected  with  the  mainland  by  a  roadway  of  black  lime- 
stone, crushed  and  regularly  tumpiked,  as  if  by  desisn.  Over 
this  road,  rising  in  the  center  about  two  feet  above  me  waters, 
the  salt  manumcturers  of  earlier  days — Mr.  White  and  others- 
having  salt  vats  and  flues  on  the  snores  of  Black  Rock,  trans- 
ported their  saline  products.  That  self-same  roadway,  yet  plainly 
discernible,  is  now  twelve  feet  under  the  surface  of  the  Great 
Salt  Lake.     Essentially  it  is  a  submarine  turnpike ! 

It  is  no  mere  conjecture  that  the  lowlana  farmers  along  the 
shores  of  the  Great  Salt  Lake  may  some  day  find  themselves  in 
the  predicament  of  the  demure  Hollander — compelled  to  resist,  by 
eartnworks,  the  encroachments  of  salt  water,  or  submit  to  the  re- 
tiring process  of  inundation. —  Utah  Mining  Gazette^  July  25. 

2.  On  the  Physical  Cause  of  Ocean- Currents  /  by  James 
Croll,  of  the  Geological  Survey  of  Scotland. — ^In  a  lecture  at  the 
Royal  Institution,  and  also  in  the  Athenseum,  Nature,  Philosoph- 
ical Magazine,  and  other  quarters.  Dr.  Carpenter  has  been  advanc- 
ing a  somewhat  plausible-looking  objection  to  my  views  in  refer 
ence  to  under-currents.  As  this  objection  bears  upon  a  point 
which  in  my  last  communication  I  omitted  to  consider,  perhaps 
you  will  permit  me,  through  your  columns,  bnefly  to  rerer  to  it 
The  objection  in  question,  as  stated  in  Dr.  Carpenter's  own  words, 
is  as  follows : 

'"According  to  Mr.  Croll's  doctrine,  the  whole  of  that  vast 
mass  of  water  in  the  North  Atlantic,  averaging,  say,  1600  fathoms 
in  thickness  and  3600  miles  in  breadth,  the  temperature  of  which 
(from  40**  downward),  as  ascertained  by  the  '  Challenger'  sound- 
ings, clearly  shows  it  to  be  mainly  derived  from  a  polar  source,  is 
nothing  else  than  the  reflux  of  the  Gulf-stream.  N  ow,  even  if  we 
suppose  that  the  whole  of  this  stream,  as  it  passes  Sandy  Hook, 
were  to  go  on  into  the  closed  Arptic  basin,  it  would  only  force 
out  an  equivalent  body  of  water.  And  as,  on  comparing  tlie  sec- 
tioual  areas  of  the  two,  I  find  that  of  the  Gulf-stream  to  be  about 
l-900tli  that  of  the  North  Atlantic  underflow;  and  as  it  b  admit- 
ted that  a  large  part  of  the  Gulf-stream  returns  into  the  Mid-At- 
lantic circulation,  only  a  branch  of  it  going  on  to  the  northeast, 
the  extreme  improbability  (may  I  not  say  impossibility  ?)  that  so 
vast  a  mass  of  water  can  be  put  in  motion  by  what  is  by  compari- 
son a  mere  rivulet  (the  northeast  motion  of  which,  as  a  distinct 
current,  has  not  been  traced  eastward  of  30°  W.  long.)  seems  still 
more  obvious." 

The  objection  seems  to  me  to  be  based  upon  a  series  of  misap- 
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>Teheii8ioiis :  (1)  that  the  mass  of  cold  water  1500  fathoms  deep 
md  3600  miles  in  breadth  is  in  a  state  of  motion  toward  the 
equator ;  (2)  that  it  cannot  be  the  reflux  of  the  Gulf-stream,  be- 
iaose  its  sectional  area  is  900  times  as  great  as  that  of  the  Gulf- 
itream ;  (3)  that  the  immense  mass  of  water  is,  according  to  my 
riews,  set  in  motion  by  the  Oulf-stream. 

I  shall  consider  these  in  their  order.  (1)  That  this  immense 
nass  of  cold  water  came  originally  from  the  polar  regions  I,  of 
soarse,  admit,  but  that  the  whole  is  m  ^  state  of  motion  I  certainly 
io  not  admit  There  is  no  warrant  whatever  for  any  such  assump- 
ion.  According  to  Dr.  Carpenter  himself^  the  heating  power  of 
lie  sun  does  not  extend  to  any  great  depth  below  the  surface ; 
iODsequently  there  is  nothing  whatever  to  heat  this  mass  but  the 
leat  coming  through  the  earth's  crust  But  the  amount  of  heat 
ierived  from  this  source  is  so  trifling,  that  an  under-current  from 
.he  Arctic  regions,  far  less  in  volume  than  that  of  the  Gulf-stream, 
iFOuld  be  quite  sufficieilt  to  keep  the  mass  at  an  ice-cold  tempera- 
iure.  Taking  the  area  of  the  North  Atlantic  between  the  equator 
md  the  tropic  of  Cancer,  including  also  the  Caribbean  Sea  and 
;he  Gulf  of  Mexico,  to  be  7,700,000  square  miles,  and  the  rate  at 
iFhich  internal  heat  passes  through  the  earth's  surface  to  be  that 
issigned  by  Sir  William  Thomson,  we  find  that  the  total  quantity 
>f  heat  derived  from  the  earth's  crust  by  the  above  area  is  equal 
;o  about  88X 10^  ^  foot-pounds  per  da  v.  But  this  amount  is  equal 
iO  only  7^  that  conveyed  by  the  Gulf-stream,  on  the  supposition 
.hat  each  pound  of  water  carries  19,300  foot-pounds  of  heat.  Con- 
lequently  an  under-current  from  the  polar  regions  of  not  more 
.han  ^  the  volume  of  the  Gulf-stream  would  suffice  to  keep  the 
mtire  mass  of  water  of  that  area  within  1^  of  what  it  would  be 
were  there  no  heat  derived  from  the  crust  of  the  earth ;  that  is  to 
lay,  were  the  water  conveyed  by  the  under-current  at  32°,  internal 
leat  would  not  maintain  the  mass  of  the  ocean  in  the  above  area 
it  more  than  33°.  The  entire  area  of  the  North  Atlantic  from 
he  equator  to  the  arctic  circle  is  somewhere  about  16,000,000 
quare  miles.  An  under-current  of  less  than  ^  that  of  the  Gulf- 
tream  coming  from  the  Arctic  regions  would  therefore  suffice  to 
Leep  the  entire  North  Atlantic  basin  filled  with  ice-cold  water. 
ji  short,  whatever  theory  we  adopt  regarding  oceanic  circulation, 
t  follows  equally  as  a  necessary  consequence  that  the  entire  mass 
if  the  ocean  below  the  stratum  heated  by  the  sun^s  rays  must  con- 
ifit  of  cold  water.  For  if  cold  water  be  continually  coming  from 
he  polar  regions  either  in  the  form  of  under-currents,  or  in  the 
brm  of  a  general  under-flow  as  Dr.  Carpenter  supposes,  the  en- 
ire  under  portion  of  the  ocean  must  ultimately  become  occupied 
ly  cold  water ;  for  there  is  no  source  from  which  this  influx  of 
rater  can  derive  heat,  save  from  the  earth's  crust.  But  the 
jnount  thus  derived  is  so  trifling  as  to  produce  no  sensible  eflect. 
♦'or  example,  a  polar  under-current  one-half  the  size  of  the  Gulf- 
tream  would  be  sufficient  to  keep  the  entire  water  of  the  globe 
below  the  stratum  heated  by  the  sun's  rays)  at  an  ice  cold  tem- 
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perature.  Internal  heat  would  not  be  sufficient  under  such  cir- 
cumstances to  maintain  the  mass  1^  Fahr.  above  the  temperatare 
it  possessed  when  it  left  the  polar  regions. 

(2 1  But  suppose  that  this  immense  mass  of  cold  water  occupy- 
ing the  great  depths  of  the  ocean  were,  as  Dr.  Carpenter  assumes 
it  to  be,  in  a  state  of  constant  motion  toward  the  equator,  and 
that  its  sectional  area  were  900  times  that  of  the  Gulf-stream,  it 
would  not  therefore  follow  that  the  quantity  of  water  passing 
through  this  large  sectional  area  must  be  greater  than  that  flow- 
ing through  a  sectional  area  of  the  Gulf-stream ;  for  the  quantity 
of  water  flowing  through  this  large  sectional  area  depends  entirely 
on  the  rate  of  motion. 

(3)  I  am  wholly  unable  to  understand  how  it  could  be  supposed 
that  this  under-flow,  according  to  my  view,  is  set  in  motion  by  the 
Gulf-stream,  seeing  that  I  have  shown  that  the  return  under-ciu^ 
rent  is  as  much  due  to  the  impulse  of  the  wind  as  the  Gulf-etream 
itself. 

I  am  also  wholly  unable  to  comprehend  how  Dr.  Carpenter 
should  imagine,  because  the  bottom-temperature  of  the  South  At- 
lantic happens  to  be  lower,  and  the  polar  water  to  lie  nearer  to 
tlic  surface  in  this  ocean  than  in  the  North  Atlantic,  that  there- 
fore this  proves  the  truth  of  his  theory.  This  condition  of  mat- 
ters is  just  as  consistent  with  my  theory  as  with  hia  When  we 
consider  the  immense  quantity  of  warm  surface-water  which,  as 
has  been  i)roved,  is  being  constantly  transferred  from  the  South 
into  the  North  Atlantic  (a  quantity  which  to  a  large  extent  is 
compensated  by  a  cold  current  from  the  Antarctic  regions),  we 
readily  understand  how  the  polar  water  comes  nearer  to  the  sur 
face  in  the  former  ocean  than  in  the  latter.  In  fact,  the  whole 
of  the  phenomena  are  just  as  easily  explained  upon  the  principle 
of  under-currents  as  upon  Dr.  Carpenter's  theory. 

Dr.  Carpenter  lays  considerable  stress  on  the  important  fact  es- 
tablished by  the  *  Challenger'  expedition,  that  the  great  depths  of 
the  sea  in  equatorial  regions  are  occupied  by  ice-cold  water,  while 
the  portion  heated  by  the  sun's  rays  is  simply  a  thin  stratum  at 
the  surface.  It  seems  to  me  that  it  would  be  difficult  to  find  a  fact 
more  hostile  to  his  theory  than  this.  Were  it  not  for  this  upper 
stratum  of  heated  water  there  would  be  no  difference  between  the 
equatorial  and  polar  columns,  and  consequently  nothing  te  pro- 
duce motion.  But  the  thinner  this  stratum  is  the  less  is  the  diffe^ 
ence,  and  the  less  there  is  to  produce  motion.  I  have  been  fav- 
ored by  the  Ilydrographer  to  the  Admiralty  with  a  series  of 
temperature-soundings  taken  along  the  equator ;  and  from  these  I 
find  that  to  so  small  a  depth  does  the  super-heating  extend,  that 
the  surface  of  the  ocean  at  the  equator  requires  to  stand  only  four 
and  a  half  feet  above  tliat  at  the  poles  in  order  to  the  ocean  being 
in  perfect  equilibrium.  In  this  case,  if  we  suppose,  in  order  to 
constant  circulation,  that  the  polar  column  is  kept  in  ex'  ess  of  the 
equatorial  by  the  weight  of,  say,  two  feet  of  water,  there  would 
then  remain  only  a  slope  of  two  and  a  half  feet  between  the  equa- 
tor and  poles. — Phil.  Mag.^  June,  1874. 
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3.  On  the  Physical  Geography  ofy  and  the  DiatrihxUion  of 
Terrestrial  MoUusca  in^  the  Bahama  Islands  ;  by  Thomas  Bland. 
(AniL  Lye.  Nat.  Hist.,  N.  Y,  x,  Noe.  10,  11,  March-June,  1873.) 
— Mr.  Bland,  whose  explorations  in  West  India  eonchology  have 
made  him  thoroughly  acquainted  with  the  geographical  distribu- 
tion of  the  species,  has  brought  forward  in  this  paper  (which,  but  for 
a  pressure  of  original  communications,  would  have  been  before  this 
cited  entire  in  this  Journal)  many  facts  of  great  interest  on  the  rela- 
tions of  the  Bahamas  to  the  adjoining  islands.  The  number  of  land 
shells  known  to  exist  in  the  Bahamas  is  80,  60  of  them  inopercu- 
lates;.  He  shows  that  the  alliance  of  the  Great  Bank  with  Cuba 
is  very  close,  as  is  apparent  in  the  numerous  representatives  of 
Polymita  and  Strophia^  the  occurrence  of  Polygyra^  Thelidomus, 
and  MektnieUa  (three  groups  unknown  in  Haiti),  and  other  facts  ; 
**  while  the  development  of  Plagioptycha  in  the  Turk  Islands  and 
Great  Inagua,  with  the  fact  that  P.  Albertsiana  and  P.  dlsculus 
are  common  to  them  and  Haiti,  appears  to  indicate  their  connec- 
tion with  the  latter  island.*' 

After  alluding  to  some  observations  in  Dana's  Corals  and  Coral 
Islands  on  the  diminished  size  of  the  islands  to  the  eastward,  and 
the  evidence  of  subsidence  found  in  the  fact,  31r.  Bland  continues 
his  paper  as  follows : 

"  The  facts  regarding  the  diminution  in  size  of  the  islands  of 
the  West  Indies  to  the  eastward,  are  of  peculiar  interest,  not 
only  as  affording  conclusive  evidence  of  the  greater  subsidence  in 
that  direction,  but  in  connection  with  geographical  distribution. 

^'  The  banks  and  islands  forming  the  long  Bahama  chain  diminish 
in  size  to  the  southeast,  where  are  situated  at  its  termination  the 
submerged  Mouchoir  Carr6,  Silver  and  Navidad  Banks.  In  a 
similar  manner,  the  submerged  Virgin  Island  Bank  (with  Anegada 
on  its  northeastern  extremity,  geologically,  in  the  opinion  of  Dr. 
Cleve,  resembling  the  Bahamas),  Somorero  and  the  Anguilla  Bank, 
terminate  the  chain  of  the  West  Indies  (parallel  with  the  Baha- 
mas) eastward  from  Cuba. 

"  In  the  caves  of  Anguilla,  the  remains  of  large  extinct  mam- 
malia are  found,  which  must  have  inhabited  a  far  more  extensive 
area,  subsequently  broken  up  by  subsidence. 

"Packard  (Amer.  Nat.,  1872)  remarks,  'There  is  every  proba- 
bility that  the  separation  of  these  islands  (of  the  eastern  part  of 
the  West  Indies)  took  place  at  a  late  period  of  time,  and  probably 
subsequent  to  the  spread  of  the  Post-pliocene  fauna  over  North 
America.'  * 

"  Dr.  Cleve  {L  c.)  observes  that '  the  Bahama  Islands,  the  Island 
of  Anegada,  and  a  part  of  Barbuda,  belong  to  a  very  recent 
period.'  f 

"The  same  author  (/.  c,  18),  referring  to  the  *  Leeward  Islands,' 
states  as  follows : 

♦  See  also  Cope,  Proa  Acad.  Nat.  Sci.  PhUad.,  1868,  and  Bland,  Proc.  Amer.. 
PhiL  Soc,  1871. 

f  Bielickia  canvexa  is  common  to  Bermuda  and  Barbuda. 
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*  The  islands  north  of  Qnadaloupe  form  two  parallel  diaina^  from  northwest  to 
southeast  The  western  chain  commences  with  Saba^  and  ooosista  of  ;SL  Bu- 
toHua,  St.  KiUgj  Neuia,  Redonda^  and  MontBerrat,  All  of  thoee  islands  are  YtHot 
nos ;  and,  if  the  line  were  extended  farther  to  the  north,  it  would  readi  the 
island  of  Anegada,  of  Post-pliocene  date,  and  all  the  volcanos  seem  to  be  of  the 
same  or  nearly  the  same  geological  time.  The  Bahama  Islands,  whidi  are  sIm  noit 
probably  of  Post-pliocene  date,  have  the  same  direotiofi,  and  seem  to  be  the  coa- 
tinuation  of  the  same  or  of  a  parallel  line  of  elevation.  East  of  the  T^canic  rsnge 
is  another  completely  different  range  of  islands.  They  are  not  Tolcanic,  and 
commence  with  Sombrero^  comprising  AngmUOf  SL  Martin^  SL  AirttoiofMtf,  Bar- 
buda and  ArUigua.  All  of  these  islands  are  of  the  Tertiary  age,  Soeme,  Moea^ 
and  Pliocene.^ 

"  In  hiB  '  Summary  of  the  Geology  of  the  West  Indies '  (L  c  47)> 
Dr.  Cleve  says : 

*  From  the  facts  exposed  above,  it  may  consequently  be  inferred  that,  of  ^ 
two  prevailing  lines  of  elevation  lik  the  West  Indies,  the  one  running  from  west  to 
east  originatecl  before  the  Miocene  time,  and  that  the  other  from  northwest  to 
southeast,  conmiencing  with  the  Bahamas  and  continuing  in  the  same  directkm 
down  to  Trinidad,  was  formed  after  the  Miocene  time.' 

''  While  considering  the  facts  and  geological  grouping  of  the 
islands  quoted  above  from  Dr.  Cleve's  paper,  it  shoula  be  remem- 
bered that  the  land-shell  fauna  of  Saba,  of  St.  Eustatius,  St  Kitts, 
and  Nevis  (all  three  on  one  bank),  and  of  Redonda  and  Montfie^ 
rat,  and  of  Barbuda  and  Antigua  (the  last  two  on  the  same  bank) 
is,  in  common  with  most  of  the  islands  to  the  south,  to  and  inclu- 
sive of  Trinidad,  distinct  from  the  fauna  of  the  i8laD<l8  between 
and  inclusive  of  the  Bahamas  and  Cuba,  and  the  Augiiilla  Bank, 
on  which  are  Anguilla,  St.  Martin,  and  St.  Bartholomew.* 

"This  difference  of  the  faunas,  and  the  well-defineil  line  of  their 
separation,  must  be  considered  in  connection  with  the  past  and 
present  geological  history  of  the  islands. 

"  The  distribution  of  the  species  of  the  genera  Mctcroceramui 
and  Strophia  illustrates  in  a  marked  manner  the  distinctness  of 
the  two  faunas  just  mentioned.  Mctcroceramus  has  two  species  in 
the  Bahamas  ^one  common  to  the  Great  Bank,  Florida  and  Cuba, 
M.  G 08861,  being  the  only  species  found  in  Jamaica) ;  36  in  Cuba, 
and  10  in  Haiti,  of  which  1  {M.  Gundlachi)  occurs  in  both. 

*'  There  are  two  other  species  only  in  the  islands  between  and 
inclusive  of  Porto  Rico  and  those  of  the  Anguilla  Bank,  31.  signa- 
tn8,  which,  besides  Haiti,  is  found  in  Tortola,  Necker  Island,  and 
Anegada,  all  on  the  Virgin  Bank,  and  in  Anguilla  and  St  Bar- 
tholomew on  the  Anguilla  Bank ;  M,  mierodon  occurs  in  Porto 
Rico,  V'ieque,  St.  Thomas,  Tortola,  and  Anegada.  The  genus  is 
not  represented  in  St.  Croix,  and  not  in  any  of  the  islands  south 
of  the  Anguilla  Bank. 

"  Strophia  has  10-18  species  in  the  Bahamas,  of  which  1  is  alw 
in  the  Florida  Keys,  and  at  least  6  in  Cuba ;  1 7  in  Cuba ;  none  in 
Jamaica ;  2  in  Haiti,  of  which  one,  S.  atrlateUay  occurs  in  Cuba, 
Porto  Rico,  Necker  Island,  and  Anegada,  and  the  other,  S.  mi- 
crostornay  is  found  also  in  Cuba,  Haiti,  and  Porto  Rico  (Jide  Pfr.). 
Remains  of  a  fossil  species,  undeterminable,  are  noticed  in  Som- 

*  See  Bland,  Proc.  Amer.  Phil.  Soc.,  I,  c 
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»rero,  and  a  fossil  species  in  St.  Croix.  There  is  no  representative 
f  the  genus  on  the  Angoilla  Bank  or  to  the  south  of  it. 

^  The  exceptioDS  are  curious.  Macroceram/us  Oossei  and  Stro- 
)hia  ttva  are  found  in  Cura9ao ! 

^  Dana,  as  already  quoted,  refers  to  parallel  bands  of  greater 
jid  less  subsidence  in  the  Pacific  Ocean,  and  to  analogous  condi- 
ions  in  the  Atlantic; — the  subsidence  was  probably,  he  says, 
much  greater  between  Florida  and  Cuba  than  in  the  Peninsula 
if  Florida  itself;  and  greater  along  the  Caribbean  Sea  parallel 
nth  (?uba,  as  well  as  along  the  Bahama  reefs,  than  in  Cuba.' 
lecent  soundings  show  in  these  respects  the  following  facts : 

"The  greatest  depth  in  the  Gulf  of  Florida,  between  Key 
iVest  and  Havana,  is  within  five  miles  of  the  latter,  800  fathoms 
4,800  feet),  and  I  have  already  stated  that  there  is  a  depth  in  the 
!^ichola8  Channel,  between  Salt  Key  Bank  and  Cuba,  of  634 
iftthoms  (3,204  feet). 

"  Between  Cuba  and  the  east  end  of  Jamaica  the  depth  is  1 ,244 
iathoms  (7,464  feet).  Eastward  of  Jamaica,  along  the  southern 
ide  of  Haiti,  in  about  the  latitude  of  Beata  Island,  great  depths 
lave  been  ascertained, — one  sounding  west  of  that  island  gave 
1,136  fathoms  (12,816  feet),  and  one  to  the  eastward  of  it  1,840 
athoms  (11,040  feet).  The  greater  subsidence  still  further  to  the 
sast,  between  the  Virgin  Bank  and  St.  Croix,  may  be  inferred 
rom  the  enormous  depth  there  found,  of  no  less  than  2,580 
iathoms  (15,480  feet). 

^  A  line  of  soundings  from  the  south  side  of  Jamaica  and  east  of 
he  Pedro  Bank,  across  the  Carribean  Sea  to  Aspinwall  (a  dis- 
ance  of  about  550  miles),  shows  the  instructive  fact  that,  with  no 
'ery  considerable  exception,  the  sea  bottom  slopes  gradually  from 
Jamaica  toward  the  coast  of  the  Isthmus  of  Panama.  Ahiout  60 
niles  from  Mansanilla  Point  (N.  £.  of  Aspinwall),  the  depth  is 
,215  fathoms  (7,290  feet).  The  bottom  then  rises  comparatively 
apidly, — ^the  depth  at  about  forty  miles  from  Aspinwall  being 
77  fathoms  (4,062  feet),  and  at  about  twenty  miles,  227  fathoms 
1,362  feet). 

^'  In  connection  with  the  relations  of  the  land-shell  faunas  of  the 
ilands  on  the  north  side  of  the  Carribean  Sea,  I  may  mention 
hat  the  greatest  depth  between  the  coast  of  Yucatan  and  Cape 
Ian  Antonio,  the  western  extremity  of  Cuba,  about  midway  be- 
ireeii  the  two,  is  1,164  fathoms  (6,984  feet):  between  the  east 
nd  of  Jamaica  and  the  west  end  of  Haiti  (so  far  as  is  yet  known), 
00  fathoms  (3,600  feet) ;  and  north  of  Mona  Island,  in  the  Mona 
^assage  (between  Haiti  and  Porto  Rico),  250  fathoms  (1,500 
»et).  I  postpone  comparison  of  the  faunas  of  the  islands  and  the 
djacent  parts  of  the  North  American  continent ;  but,  in  regard 
>  the  depth  between  Haiti  and  Jamaica  on  the  west  side,  and 
*orto  Rico  on  the  east,  it  is  noticeable  that,  while  the  fauna  of 
[aiti  has  very  little  relation  with  that  of  Jamaica,  it  has  much 
Uiance  with  that  of  Porto  Rico." 
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4.  On  the  Ocean'*8  bed  between  Honolulu  and  Tbkohmna^  from 
eoundinga  on  board  the  United  States  ship  7Wcarora.---Sizt7 
casts  were  taken  at  intervals  averaging  about  57  TDile&  The  witer 
fell  rapidly  a^id  steadily  from  Honolulu  until  lat.  21°  N.,  long. 
159°  20'  W.  was  reached  (a  distance  of  about  95  miles),  to  2,418 
fathoms'  depth,  making  a  slope  of  nearly  162  feet  to  the  mile. 
From  that  point  to  lat.  20<'  16'  N.,  long.  Ids'"  W.,  in  a  distance  of 
530  miles,  there  was  a  slight  gradual  slope  of  only  four  feet  to  the 
mile.  Between  the  last  named  point  and  lat.  20^  52'  N.,  long. 
172°  39'  W.,  a  distance  of  185  miles,  there  is  a  submarine  momi- 
tain,  with  its  summit  in  about  lat  20°  41'  N.,  long.  171*  33'  W. 
Its  height  is  5,160  feet.  It  has  a  slope  of  40  feet  to  the  mile  on  its 
eastern  side,  and  128  feet  on  its  western. 

From  the  last  station  mentioned,  where  there  was  3,045  fathonu 
of  water,  the  bottom  was  regular  for  240  miles,  until  lat  21^  29' 
N.,  long.  178°  15'  W.  was  reached.  Between  this  station  and  Ui 
22°  r  N.,  long.  173°  43'  E.,  the  second  submarine  mountain  was 
passed,  with  its  summit  in  lat  21°  41'  N.,  long.  176*  54'  E.;  its 
eastern  slope  averages  37  feet  to  the  mile  for  about  127  miles 
from  its  base,  and  51  feet  the  rest  of  the  distance  to  the  summit 
Its  western  slope  is  55  feet;  its  height  is  about  12,000  feet 

Diagram  of  Ocean  Bed  from  Tohohama  to  Bbnohiht. 
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From  this  last  station  the  plateau  can  be  regarded  as  level,  for 
over  470  miles,  until  lat  23°  31'  N.,  long.  161°  57'  E,  was  reached 
Between  this  point  and  lat  24°  07'  N.,  long.  160°  09'  E.,  the  third 
submarine  ridge  or  mountain  was  discovered,  with  its  summit  in 
lat.  23°  45'  N.,  long.  160°  56'  E.  Its  height  is  9,600  feet  Ad- 
mitting the  slope  of  this  mountain  to  be  regular  from  its  base  to 
its  summit  (which  is  of  course  the  minimum  slope  possible),  it  will 
have  an  eastern  slope  of  192  feet  to  the  mile,  ana  a  slope  on  its 
western  side  of  204  feet     Between  the  last  position  and  lat  23* 


Miscellaneous  Intelligence,  285 

66'  N.,  long.  166®  10'  E.,  was  the  fourth  elevation,  having  its  sum- 
mit in  lat.  23**  66'  N.,  long.  158°  07'  E.  From  its  summit,  for  a 
distance  of  about  45  miles  to  the  westward,  there  was  but  a  slight 
inappreciable  fall,  and  from  that  point  to  the  base«a  slope  of  90 
feet  to  the  mile ;  its  eastern  slope  was  60  feet.  Its  height  is  6,000 
feet.  For  the  next  60  miles,  tne  bottom  was  regular  till  lat.  24° 
02'  N.,  long.  165°  08'  was  reached,  between  which  and  lat.  20°  26' 
N.,  longr.  153*>  01'  was  a  fifth  mountain,  extending  to  the  surface 
in  an  island  known  as  Marcus  Island.  A  cast  was  taken  in  lat. 
24°  20'  N.,  long.  164°  06'  E.,  a  distance  of  about  seven  miles  from 
this  island,  to  the  northward:  1,600  fathoms  of  water  were  found, 
which  gives  the  land  a  northern  slope  to  this  point  of  1,284  feet  to 
the  mile.  From  this  point  to  the  eastern  base,  the  slope  was 
about  200  feet  to  the  mile,  and  to  the  western,  167  feet. 

For  176  miles  from  the  last  position,  the  bottom  was,  compara- 
tively speaking, regular;  then  the  next  180  miles  was  occupied  by 
the  sixth  mountain  ridge,  its  eastern  base  in  lat.  25°  11'  N.,  long. 
149"*  46'  E. ;  its  western  in  lat.  26**  09'  N.,  lonff.  146°  10'  E.,  and 
its  summit  in  lat.  25°  42'  N.,  long.  148°  39'  E.  Its  height  was 
about  7,800  feet ;  its  eastern  slope,  103  feet  to  the  mile,  and  its 
western  59  feet.  From  this  point  to  Port  Lloyd,  a  distance  of 
210  miles,  the  slope  was  about  86  feet  to  the  mile.  I  have  taken,  in 
consideration  of  the  height  and  slope  of  the  submarine  elevation, 
about  3,000  fathoms  of  water  as  the  depth  of  the  plateau  proper ; 
for  it  was  only  at  that  distance  that  it  remained  regular  for  any 
distance,  and  again  the  average  depth  between  the  bases  of  the 
mountains  or  mountain  ridges,  and  for  over  half  the  entire  dis- 
tance of  the  line,  was  about  that.  All  the  slopes  computed  are 
the  minimum. — iV!  Y,  TribunCy  June  13. 

5.  Meeting  of  the  American  Association  at  Hartford, — The 
twenty-third  meeting  of  the  American  Association,  at  Hartford, 
commenced  on  Wednesday,  the  12th  of  August,  and  closed  on  the 
following  Wednesday.  Dr.  John  L,  LeConte,  of  Philadelphia, 
was  the  President  of  the  meeting,  and  Professor  C.  S,  Lyman,  of 
New  Haven,  the  Vice-President.  The  attendance  was  large,  the 
papers  numerous  and  for  the  most  part  excellent,  and  the  interest 
ID  the  sessions  was  sustained  to  the  end,  although  the  meeting 
was  prolonged  one  day  beyond  the  usual  time.  The  citizens  of 
Harttbrd  contributed  very  largely  to  the  pleasure  and  scientific 
profit  of  the  occasion,  through  the  many  excursions  for  which  they 
Dad  made  liberal  arrangements.  These  included  a  trip  by  steam- 
boat down  the  Connecticut  to  its  mouth ;  and  others — to  the  Rocky 
Hill  quarry,  where  the  trap  and  its  junction  with  the  sandstone  is 
well  exposed;  the  silk  manufactory  at  Cheneyville;  TarrifiVille 
and  its  gorge  through  the  trap  and  sandstone ;  the  Portland  quar- 
ries, opposite  Middfetown,  where,  in  the  bottom  of  one  quarry, 
twenty-one  consectUive  tracks  of  the  huge  Otozown  Moodii^  along 
a  line  over  fifty  feet  long^  were  exposed,  having  been  recently 
opened  to  view ;  and  on  Tliiirsday,  the  day  after  the  close  of  the 
session,  by  rail,  to  Salisbury,  a  region  of  extensive  limonite  exca^ 
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vations,  62  miles  west  of  Hartford.  The  address  of  the  retiring 
President,  Professor  Lovering,  of  Cambridge,  was  delivered  on 
Friday  evening ;  it  was  an  admirable  review  of  the  recent  pro- 
gress of  physical  science.  The  next  meeting  will  be  held  at 
Detroit,  Aiicnigan,  during  the  week  commencing  with  Wednesday, 
the  11th  of  August.  J.  E.  Hilgard,  of  the  Coast  Survey,  wm 
appointed  President  of  the  meeting. 
The  following  is  a  list  of  the  papers  accepted  for  reading : 

Section  A, 

Differential  Measurements  of  Solar  Temperature ;  8.  P.  Lah«*et. 

Velocity  of  Primitive  Undulations ;  P.  E.  Chase. 

The  Distribution  of  the  Poles  of  certain  Nebul» ;  C.  Abbb. 

Exhibition  of  a  Combined  Collimator  and  Personal  Eqnation  Madiine,  with  i 
Notice  of  the  Results  obtained  witli  it ;  W.  A.  Booers. 

Sudden  Fluctuations  of  Levels  in  quiet  waters: — Beoords  of  Obeervatioiis;  C 
Whittleset. 

Relation  between  the  Barometric  Gradient  and  the  Yelodty  of  the  Wind;  W. 
Ferbel. 

New  way  of  illustrating  the  vibrations  of  organ-pipes;  J  LOYBBorG. 

On  a  rotating,  terrestri^  Planisphere ;  S.  D.  Tolman. 

The  Phantascope  or  Zootrope  as  a  means  of  illustrating  crystallograidiy  to  i 
class;  R.  H.  Richari>& 

Notice  of  Prol  A.  E.  Eaton's  new  compound  one-prism  Spectroeoope ;  R.  t. 

ROOEBS. 

On  the  number  and  distribution  of  the  brighter  fixed  stars ;  B.  A.  Gouu>. 

On  the  proper  motion  of  Eta-Draconis  in  Right  Ascension ;  W.  A.  Bogeb& 

On  the  Flarvard  College  Observatory  System  of  Oommnnicating  Time  for  GbA 
Purposes ;  W.  A.  Rooebs. 

Description  of  a  new  Mechanism  for  printing  hourly  the  Directions  and  Yeloe* 
ity  of  the  Winds ;  G.  W.  HouoH. 

On  a  method  of  transmitting  Time  Signals  over  Telegraph  wires ;  G.  W.  HoctfL 

On  the  Influence  that  varying  Atmospheric  conditions  have  upon  the  peroeptin 
of  Sounds,  especially  those  of  the  human  ear,  with  experiments ;  L.  Tubsbcll 

A  new  demonstration  of  an  old  theorem  in  Geology ;  B.  S.  Hedbiol 

On  a  simple  form  of  Sphygmog^ph ;  A.  A.  Bbenemak. 

On  an  improved  Electric  Bell ;  A.  A.  Bbeneican. 

Simple  Formulas  for  some  of  the  Higher  Curves ;  J.  D.  Wabnkb. 

On  the  Mineral  Warwickite ;  J.  L.  Smith. 

On  Metallic  Iron  in  Basaltic  Rock  and  the  dissociation  of  Oxide  of  Iron;  J.  I^ 
Smith. 

Curious  Association  of  Datolite,  Garnet,  and  Idocrase ;  J.  H  Smith. 

A  (Convenient  Method  of  Making  Absolute  Alcohol ;  J.  L.  Smith. 

Exhibition  of  a  new  Sulphuretted  Hydrogen  Apparatus ;  H.  Cabmichael 

A  new  Method  for  the  lUustration  of  Sound  Waves ;  H.  Cabmichael. 

Exhibition  of  a  Platinum  Digester ;  H.  Cabmiohael. 

On  the  Phosphorescence  of  Glass,  produced  by  electricity ;  A.  W.  WBieHT. 

On  the  use  of  Natural  Twin  Crystals  of  Quartz  in  the  construction  of  PoliD^ 
copes;  A.  W.  Wright. 

On  the  nature  of  the  Zodiacal  Light,  and  the  distribution  of  the  matter  ^tiA 
occasions  it ;  A.  W.  Wright. 

On  the  Tails  of  Comets ;  H.  M.  Pabkhubst. 

Loss  of  Light  in  its  transmission  through  Space ;  H.  M.  Pabkhtbst. 

On  the  Pressure  produced  by  Impact;  J.  J.  Skinneb. 

Some  Improvement  on  Descartes'  Barometer ;  B.  S.  Hedbiok. 

On  Abnormal  Phenomena  of  Sound ;  J.  Henbt. 

On  the  Estimation  of  Nitrogen  by  the  absolute  method ;  S.  W.  Johnsok. 

Best  methods  of  making  pure  Carbonate  of  Soda  and  Oarbonate  of  Potash  for 
analysis;  J.  L.  Smith. 
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Report  on  a  remarkable  compound  of  PhosphoruB  and  Carbon,  forming  a  new 
Pyrophoros ;  P.  H.  Van  dbr  Wbydb. 
On  the  Estimation  of  Nitric  Add  by  the  methods  of  Thorpe  and  Bunsen ;  8. 

Investigation  into  the  chemical  nature  of  Petroleum;  P.  H.  Van  dsb  Wxydb. 

On  the  alleged  formation  of  Ammonium  Nitrite  from  Water-Vapor  and  Nitro- 
gen, and  on  Price^s  Test;  8.  W.  Johkbok. 

The  <diange  of  Peal  into  Gannel  or  other  Coal  bj  Heal  and  Pressure,  practi- 
mUj  demonstrated;  P.  H.  Van  deb  Wbtdx. 

On  the  Thermo-^ectrioal  Properties  of  some  Minerals  and  their  Varieties ;  A. 
SoHEAUF  and  E.  8.  Dana. 

The  Nitrogen  of  the  Soil ;  H.  P.  Abmsbt. 

On  the  Periodicity  of  the  Rainfall  in  the  United  Stales  in  relation  to  the  Period- 
dtj  of  the  Solar  ^ts ;  J.  Bbooklesbt. 

An  account  of  a  Remarkable  Phenomenon  connected  with  the  quarrying  of 
narble  in  Rutland,  Vermont;  J.  Bbooklesbt. 

On  the  molecular  rolume  of  water  of  Orystallization ;  F.  W.  Clabkb. 

On  the  molecular  heat  of  similar  compounds ;  F.  W.  Clabkx. 

Action  of   Mechanical  Vibration  in  retarding  Chemical  Combination;   8.  8. 

lAlJ>E]fAN. 

Sewage  Question  chemicallj  considered ;  T.  S.  Hunt. 
On  Wei  Processes  of  Copper  E^draction ;  T.  8.  Hunt. 
On  the  Cement  of  Ransome^s  new  Artificial  Stone ;  T.  8.  Hunt. 
On  lithium  Glass ;  C.  B.  Dudlbt. 

On  the  use  of  a  glased  wrought  iron  tube  for  Nitrogen  Determinations ;  A.  P. 
1.  Stuabt. 
The  Chemistry  of  Steel ;  B.  8.  Hboriok. 

OuHines  of  the  Typical  Photo-lithographic  Processes ;  J.  W.  Osbobn. 
On  a  Modification  of  Loewenthal's  Method  for  the  Estimation  of  Tannic  Add ; 

W.  MOMUBTRIB. 

The  Inner  Satellites  of  Uranus ;  E.  8.  Holdbn. 

On  a  new  form  of  Steam  Qenerator,  applicable  especially  to  very  small  powers ; 
W.  P.  Tbowbbidgb. 

Annua]  Mortality  of  Officers  of  the  U.  S.  Army  for  fifty  years,  from  1824  to 
L873,  induding  deaths  in  war ;  B.  Altord. 

Mutual  Action  of  Elements  of  Electric  Currents ;  E.  B.  Elliott. 

Periodidly  of  Rates  of  Interest  from  observations  for  the  25  years  1849  to  1874 ; 
S.  B.  Eluott. 

Population  of  the  United  States,  each  year,  from  1780  to  1880,  with  proof  of 
jetimate  and  interpolation ;  E.  B.  Eluott.   » 

Credit  of  the  United  States  QovemmenI;  E.  B.  Eluott. 

Expenditures  of  the  United  States  Qoyemment  per  capita  to  population,  by  four 
rear's  periods  from  the  organization  of  the  Government,  to  the  30th  of  June,  1874 ; 
B.  B.  Eluott. 

Section  B. 

On  the  Cave  Fauna  of  the  Middle  States ;  A.  S.  Paokabd,  Jr. 

Change  by  Gradual  Modification  not  the  Universal  Law ;  T.  Mebhan. 

On  Hm  Insects  more  particularly  associated  with  8a/rracenia  vaHoUvria  (Spotted 
rrumpel  leaf) ;  C.  V.  Rilbt. 

On  the  Summer  Dormancy  of  the  Larvae  of  Fhycoidea  nycteis  Doubleday,  with 
Semarks  on  the  Natural  History  of  the  Species ;  C.  V.  Riley. 

On  the  Habits  and  Transformations  of  OaiUhon  hudaoniaa  (Forst) — ^the  common 
*  Tumble-dung;  •*  C.  V.  Rilbt. 

On  the  Larval  Habits  of  the  Cantharid  genera  EpUauta  and  Henoua;  C.  V. 

ftlLET. 

On  the  Origin  of  North  American  Unionidss ;  E.  S.  Moksb. 

On  the  Relations  of  Dentalium ;  E.  S.  Mobsb. 

On  the  ascending  process  of  the  Astragalus  in  Birds ;  E.  8.  Mobsb. 

The  Lobster ;  W.  W.  Whbildon. 
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Glacial  PheDomena  in  the  Sierra  Neyada ;  J.  Mdib. 

Note  on  the  gestation  of  the  little  Brown  Bat ;  B.  G.  Whdib. 

Botanical  Observations ;  W.  H.  Skamav. 

On  an  Organ  of  Special  Sense  in  the  LameUibranchiate  genu  Yoldis;  W.  A. 
Bbooks. 

The  Wings  of  Pterodactyls ;  0.  C.  Mamh. 

Small  Size  of  the  Brain  in  Tertiaiy  MammalB ;  0.  0.  Masse. 

On  the  Male  and  Female  Organs  of  the  Sharks,  with  special  referenoe  to  tiie  qm 
of  the  "  Claspers;  "  P.  W.  Putnam  &  &  W.  Gabmon. 

The  Genera  of  Butterflies  studied  Historically ;  S.  H.  Scuddbb. 

The  Recency  of  certain  Volcanoes  of  the  Western  U.  & ;  G.  K.  Gilbsbt. 

Notes  on  Natural  £rosion  by  Sand  in  the  Western  Territories ;  G.  E.  Gilbebt. 

The  advantages  of  the  Colorado  Plateau  Region  as  a  field  for  geological  stadies; 
G.  K.  Gilbert. 

On  the  Disintegration  of  Rocks  and  its  Geological  Significance ;  T.  S.  Hinrr. 

Growth  of  Crystallization  in  traps  and  slags;  H.  CABMiOHABLb 

Some  remarks  on  certain  German  trap  rocks ;  H.  CABiaoHABLb 

On  SarrcLcenia  variolaris  as  a  Fly  Catcher ;  J.  H.  Meluchamp. 

Darlingtonia  Califomica  an  insectivorous  Plant ;  W.  M.  Cakbt. 

On  Regeneration  or  Organic  Molecular  Conservation :  a  contribution  to  the  doc- 
trine of  evolution ;  L.  £^EBO. 

On  the  Cotton  Worm  (Aleiia  argiUaeea  Hubn.) ;  A.  R.  Gbotb. 

Physical  History  of  New  Hampshire ;  C.  H.  HrrOHOOOK. 

Geological  Map  of  the  United  States  and  Territories,  with  Critica]  and  Biqdaiia- 
tory  Descriptions ;  Prof.  C.  H.  Hitchcock  and  W.  P.  Blakb. 

Discovery  of  twelve  skeletons  of  Dicotyles  compremus  in  the  Valley  Drift  in 
Columbus,  Ohio ;  J.  H.  Klippabt. 

On  the  organic  Change  produced  in  the  Bee  by  the  different  conditions  to  whidi 
it  is  subject^  in  its  larval  state ;  Mrs.  S.  B.  Hbbbiok. 

A  list  of  the  Vertebrate  Animals  of  Outagamie  Co.,  Wisconsin,  with  notes,  eta ; 

D.  S.  JOBDAK. 

Notes  OD  some -rare  and  interesting  Carices  of  New  York;  G.  Vabet. 

Are  there  plants  the  seeds  of  whidi  before  germination  lie  in  the  gpround  a  defi* 
nite  number  of  years ;  J.  Hyatt. 

Notice  of  a  pair  of  Trap-door  Spiders  from  South  Carolina ;  C.  R.  Dodgb. 

How  do  young  Birds  peck  out  of  the  shell ;  J.  W.  P.  Jenks 

An  Inquiry  concerning  the  Reversion  of  Thoroughbred  Animals;  W.  H. 
Brewer. 

On  the  present  Distribution  of  Woodlands  within  the  United  States ;  W.  H. 
Brewer. 

Notes  on  Tree  Growth ;  A.  Gray.  ' 

On  the  Classification  of  the  Indian  Languages  of  Mexico ;  P.  C.  Bliss. 

Remarks  on  the  Anderson  School  of  Natural  History  on  Penikese  Island;  F. 
W.  Putnam. 

An  instance  of  Replacement  of  Injurious  Insects  by  Human  Agency ;  J.  L.  Li 
Conte. 

On  the  Equivalency  of  the  Coal-measures  of  the  United  States  and  Europe ;  C. 
A.  White. 

On  some  localities  of  contact  of  Trap  and  Sandstone  in  the  Connecticut  VaHej; 
W.  N.  Rice. 

Further  observations  on  the  Geology  of  Northwestern  Massachusetts,  with 
special  reference  to  the  Hoosac  range ;  S.  Tenkey. 

On  the  composition  of  the  Pottery  of  the  Mound-builders ;  E.  T.  Cox. 

On  the  true  character  of  the  so-called  Eozoon  Canadense ;  L.  S.  Bubbank. 

On  the  Mechanical  condition  of  the  Pebbles  in  the  Newport  Conglomerate  and 
their  supposed  flattening  by  pressure ;  W.  B.  Rogers. 

On  the  thickness  of  £he  Virginia  Tertiary,  as  indicated  by  the  Artesian  boriogB 
at  Fortress  Monroe  ;  W.  B.  Rogers. 

Notes  on  the  Paleoawic  Formations  of  South  America ;  0.  A.  Dbbby. 

On  the  Trap  rocks  of  the  Connecticut  Valley ;  E.  S.  Dana. 
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The  Physical  and  Geological  Characteristics  of  the  Great  Dismal  Swamp  and 
the  Eastern  Counties  of  Virginia :  N.  B.  Wkbothl 

Origin  of  the  Cascades  of  the  Columbia  River,  Oregon ;  W.  P.  Blakb. 

Observations  in  a  visit  to  the  Cave  of  Cacahuamilpa,  in  Mexico ;  P.  C.  Bliss. 

An  ascent  of  the  Volcano  of  Popocatapetl  in  Mexico ;  P.  C.  Bliss. 

Observations  on  the  Mesozoic  of  North  Carolina ;  W.  C.  Kxbb. 

On  the  Significance  of  Classes  among  Vertebrates ;  T.  Gill. 

On  the  Relations  of  certain  Genera  of  Cervids ;  T.  Gill. 

Progress  of  Science  in  Maryland ;  Mrs.  A.  L.  Phelps. 

Cremation  among  North  American  Indians ;  J.  L.  LeConte. 

A  Remarkable  Ancient  Stone  Fortification  in  Clark  County,  Ind. ;  E.  T.  Cox 

Remains  of  an  Ancient  Earth  Work  in  Marblehead,  Massachusetts ;  J.  J.  H. 
Gregobt. 

6.  Chemical  Centennial — The  first  day  of  August,  1774,  illus- 
trious as  the  date  of  Joseph  Priestley's  discovery  of  oxygen,  was 
commemorated  on  the  first  of  August,  1874,  bv  the  gathering 
of  American  chemists  at  Priestley's  grave,  on  the  banks  of  the 
Susquehanna,  at  Northumberland,  Pennsylvania,  and  by  a  like 
gathering  of  British  chemists  at  Birmingham,  England,  for  the 
unveiling  of  a  statue  to  Pnestley.  Both  gatherings  appear  to 
have  been  prosperous,  and  the  interchange  of  salutations  by  ocean 
cable  placed  the  two  assemblies  in  sympathy  on  an  occasion  well 
calculated  to  awaken  kindred  sentiments.  The  American  gather- 
ing was  presided  over  by  Professor  Charles  F.  Chandler  of  the 
Columbia  College  School  of  Mines,  who  responded  to  an  address 
of  welcome  from  the  citizens  of  Northumberland,  delivered  by 
Col.  David  Taggart  of  that  place. 

The  following  addresses  were  also  delivered  on  the  occasion,  by 
previous  appointment: — 

A  Sketch  of  the  Life  and  Labors  of  Dr.  Joseph  Priestley  by  Pro- 
fessor Henry  H.  Croft,  of  Toronto,  Canada. 

A  Review  of  the  Century's  Progress  in  Theoretical  Chemistry, 
by  Professor  T.  Sterry  Hunt,  of  Boston,  Massachusetts. 

A  Review  of  the  Century's  Progress  in  Industrial  Chemistry, 
by  Professor  J.  Lawrence  Smith,  of  Louisville,  Kentucky. 

An  Essay  on  American  Contributions  to  Chemistry,  by  Pro- 
fessor Benjamin  Silliman,  of  New  Haven,  Connecticut. 

Professor  Joseph  Henry  of  Washington,  who  had  been  expected 
to  preside  at  the  meeting,  and  to  deliver  an  address  at  Priestley's 
grave,  was  unfortunately  detained  by  a  sudden  illness,  and  in  his 
absence  the  assembly,  gathered  at  sunset  at  the  grave  of  Priestley, 
on  Fridav  evening,  Ju^31st,  was  addressed  in  a  most  appropriate 
manner,  by  President  Henry  Copp6e,  of  Lehigh  University. 

Many  descendents  of  Dr.  Priestley  reside  at  Northumberland. 
Dr.  Joseph  Priestley  was  the  chairman  of  the  local  Committee 
of  Arrangements ;  and  another  of  the  same  degree  of  consanguin- 
ity, the  third  generation,  was  among  those  whose  hospitalities 
added  to  the  pleasures  of  the  occasion.  The  old  Priestley  man- 
sion, with  its  ample  apartments,  was  thrown  open  to  the  guests, 
and  in  one  of  them  was  a  collection  of  apparatus  and  other  per- 
sonal memorials  of  the  eminent  man  whose  name  consecrated  the 
day  and  the  place. 
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The  telegraphic  dispatches  above  alluded  to  were  as  follows : 

ITie  American  ChemiaU  aaaembled  <U  Noiihumberland^  Pmm. :  Our  marble  statae 
representing  Priestley  disoovering  oxygen  will  be  unbailed  to-morrow,  presented 
by  the  subscribers  through  Professor  Huxley  to  the  town,  and  aeoepted  by  the 
Mayor.  We  greet  you  as  colleagues  in  honoring  the  memory  of  a  great  and  good 
man.  Thb  Pbiestlet  Mbmorial  (^xmittxi, 

Binnin^^iam,  Bng. 

KOBTHUMBBBLAND,  PemL,  July  31,  1874. 
The  brother  chemists  at  the  grave  to  their  brothers  at  the  home  of  Priestley 
send  greeting,  on  this  centennial  anniversary  of  the  birth  of  ohemiatry. 

We  understand  that  the  addresses  will  appear  in  a  Memorial 
number  of  the  American  Chemist,  soon  to  be  published,  which 
will  contain  also  a  full  account  of  the  proceedings.  b.  s. 

7.  Elements  ef  Metallurgy^  &c.  ;  by  J.  Arthitr  Phillips, 
M.Ins.C.E.,  F.G.S.  764  pp.  8vo,  with  206  illustrations  on  wood. 
London,  1874.  (Chas.  Gnffin  &  Company.) — This  new  edition  of 
Mr.  Phillips's  well  known  "Manual  of  Metallurgy"  (1862,  1854 
and  1858)  bears  date  June,  1874.  It  is  in  fact  a  new  book. 
About  one-half  of  the  volume  (854  pages)  is  given  to  the  subjects 
of  Fuel  (106  pages),  and  Iron  and  Steel  (248  pages).  It  is  re- 
markable for  its  clear,  concise  and  comprehensive  style,  by  which 
qualities  a  vast  amount  of  valuable  and  accurate  information  is 
brought  within  a  moderate  compass.  The  author's  own  practical 
skill  and  experience,  both  in  metallurgical  operations  and  in  per^ 
sonal  explorations  of  many  of  the  metalliferous  re^ons  and  work- 
ings described,  add  to  the  value  of  his  work.  It  is  especially 
interesting  to  American  readers  from  its  frequent  citations  of 
American  examples.  Some  omissions  we  note :  for  example,  under 
the  "  Wet  Processes  for  Copper,"  no  mention  is  made  of  the  Hunt 
and  Douglass  process,  depending  on  the  solution  of  oxide  of  cop- 
er in  a  bath  of  sodic  chloride  and  ferrous  chloride  forming  solu- 
le  chloride  and  dichloride  of  copper,  from  which  metallic  iron 

throws  down  the  metJillic  copper,  regenerating  the  ferrous  chloride 
which  had  been  consumed  m  chlondizing  the  copper  oxide  and 
thus  renewing  the  bath  for  a  fresh  attack.  This  very  ingenious 
and  original  process  is  now  in  successful  use  here  on  a  large  scale 
and  is  certainly  worthy  of  mention  in  so  good  a  book  as  Mr. 
Phillips's  Metallurgy.  b,  s. 

8.  Volume  of  Collected  Researches  of  J.  Lawrence  Smithy  1874. — 
A  letter  received  by  us  from  Dr.  Smith  states  that  the  apparent  in- 
justice to  Professor  Brush,  referred  to  in  the  August  number  of 
this  Journal,  page  144  of  this  volume,  was  wholly  unintentional  on 
his  part,  and  desires  us  to  request  that  those  having  the  work 
should  chiinge  the  wording  of  the  note  (p.  109)  by  substituting 
"associated  with"  for  "assisted  by." — Eds. 

On  the  Marino  Mammals  of  the  North  PaciJQc,  bj  Capt.  G.  M.  Scammon,  U.  S. 
Revenue  Service.  4to,  with  many  plates.  San  Francisco,  18*74.  (John  H.  Cu* 
many  &  Go.) 

My  Visit  to  the  Sun ;  or  Critical  Essays  on  Physics,  Metaphysics,  and  £thio& 
By  Lawrence  Benson.  VoL  I.  Physics.  168  pp.  8vo.  New  York,  1874.  (James 
a  Burton.) 
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Art.  XXL — Researches  in  Acoustics;  by  Alfred  M.  Mayer. 

Paper  No.  6,*  containing : 

1.  The  Determination  of  the  Law  connecting  the  Pitch  of  a  Sound  with  the  Dura- 

tion of  its  Residual  Sensation. 

2.  The  Determination  of  the  numbers  of  Beats,  throughout  the  musical  scale, 

which  produce  the  greatest  dissonances. 

3.  Application  of  these  Laws  (I)  and  (2)  in  a  New  Method  of  Sonorous  Analysis, 

bj  means  of  a  perforated  rotating  disc 

4.  DeductionB  from  these  Laws  leading  to  new  facts  in  the  Physiology  of  Audition. 
6.  QuantitatiTe  applications  of  these  Laws  to  the  fundamental  ftu^  of  Musical 

Hannony. 

fvCenronan)  ifl  dne  continuirltd^e  !^{fonan},  eine  intmnittirenbe  Sonempflnbung.'' — 

1.   The  Determination  of  the  Law  connecting  the  Pitch  of  a  Sound 
with  the  Duration  of  its  Residual  Sensation. 

While  the  durations  of  the  residual  sensations  on  the  eye, 
corresponding  to  lights  of  various  colors  and  intensities,  have 
been  the  subjects  of  many  masterly  memoirs,  I  know  of  no 
attempts  to  determine  the  durations  of  the  residual  sonorous 
sensations.  Helmholtz  founds  indeed  his  Phvsiological  The- 
ory of  Music  on  the  facts  that  a  certain  number  of  beats  per 
second  produce  in  the  ear  a  maximum  dissonant  sensation, 
while  a  greater  number  may  blend  into  a  smooth  continuous 
sound ;   and  in  discussing  the  position  in  his  scale  of  the 

*  Read  before  the  New  York  Opthahnological  Society  on  March  9,  1874;  and 
before  the  National  Academy  of  Sciences,  in  Washington,  on  April  23,  18*74. 

AM.  Joan.  8oi.— Thibd  Sbribs,  Vol.  VIII,  No.  46.— Oct.,  1874. 
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"  damping  powere"  of  the  co-vibrating  ports  of  the  orean  of 
Corti,  Helmboltz  (TonempC,  p.  212  et  seq.)  Infers,  from  the  dif- 
ficulty of  trilling  ou  the  boss  notes,  that  the  co-vibrating  putB 
of  the  ear,  set  in  motion  by  sounds  of  low  pitch,  maintain  their 
vibrations  longer  than  those  excited  by  sounds  belonging  to 
higher  portions  of  the  musical  scale.  He  says:  "  Trills  of  tlus 
kind,  of  ten  notes  per  second,  are  of  a  sharp  and  clear  execfl- 
tiou  in  the  greatest  portion  of  the  musical  scale ;  below  the  It 
of  110  vibrations,  in  the  grand  and  contra  octaves,  however, 
they  sound  bad,  harsh,  and  the  sounds  b^n  to  blend."  Yd 
it  does  not  appear  that  Helmholtz  ever  attempted  to  detennine 
that  quantitative  rela^on  existing  between  the  pitch  of  a  sound 
and  the  duration  of  its  residual  sensation,  which  I  will  now  en- 
deavor to  establish.  This  law  in  its  further  applications  wiD 
render  quantitative  many  of  the  qualitative  statements  con- 
tained in  Helmholtz's  renowned  work. 

The  method  of  obtaining  the  &cts — of  which  oar  law  ex- 
presses their  general  relation — was  similar  to  the  method  used 
in  the  study  of  the  analogical  phenomena  of  light  A  simple 
sound  was  obtained  by  vibrating  a  fork  before  the  mouth  of  itt 
corresponding  resonator,  and  this  sound  was  broken  up  into 
flashes,  or  explosions,  by  alternately  screening  and  unscreeniiig 


the  mouth  of  the  resonator,  by  means  of  a  perforated  disc, 
which  rotated  between  the  resonator  and  the  fork ;  as  is  shown 
in  the  accompanying  figure  (1).  The  mean  diameter  of  lb« 
open  sectors  of  the  disc  equalled  the  diameter  of  the  mouth (rf 
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the  resonator,  while  the  spaces  of  card-board  between  the  open 
sectors  was  twice  the  width  of  these  openings.  Thus  the  res- 
onator's mouth  was  exposed  to  the  vibrations  during  an  inter- 
val which  equalled  that  during  which  it  was  screened  from 
them.  A  ruober  tube  led  from  the  nipple  of  the  resonator  to 
one  ear,  while  the  other  ear  was  tightly  closed  with  a  lump  of 
bees-wax. 

In  my  first  experiment,  I  firmly  clarnped  an  UT^  resonator, 
and  vibrated  opposite  its  mouth  an  UT2  fork.  I  now  placed 
the  tube  in  the  ear,  and  on  slowly  rotating  the  disc  I  perceived 
a  series  of  sharply  separated  explosions  or  beats ;  on  gradually 
increasing  the  velocity  of  the  disc  these  explosions  gradually 
approached  each  other,  and  on  reaching  a  certain  frequency  in 
their  succession  they  blended  into  a  continuous,  smooth  sensa- 
tion, similar  to  that  experienced  when  the  disc  was  removed 
and  the  fork  vibrated  gently  before  the  resonator.  I  now  kept 
the  disc  at  the  velocity  required  just  to  blend  the  separate  beats, 
and  I  found,  on  timing  its  rotations,  that  the  resonator  was 
sending  into  my  ear  26  explosions  or  beats  per  second.  Hence, 
sonorous  waves  of  UT,  cut  into  26  parts  per  second,  or,  in 
other  words,  divided  into  lengths  of  five  waves  separated  by 
the  same  lengths  of  quiescence,  produce  the  same  sensation  as 
that  caused  by  an  uninterrupted  flow  of  these  sonorous  waves 
into  the  ear.  1  now  replaced  the  UT,  resonator  and  fork  by  an 
UT^  resonator  and  its  corresponding  fork  and  again  rotatedf  the 
disc  with  the  same  velocity  that  it  had  during  the  above  de- 
scribed experiment  In  these  circumstances  I  no  longer  expe 
rienced  a  continuous  sensation,  but  one  which  reminded  me 
somewhat  of  the  clatter  of  frogs  in  a  marsh.  This  fact  at  once 
showed  that  a  greater  number  of  beats  per  second  were  re- 
quired to  blend  the  separated  pulses  of  a  sound  of  higher  pitch ; 
and  this  blending  I  actually  obtained  on  sending  into  my  ear 
about  eighty  beats  per  second  of  UT^. 

I  now  prepared  a  series  of  discs  adapted  to  four  octaves  of 
resonators  and  forks,  and  with  them  I  made  the  following  de- 
terminations. I  was  not  able  to  use  an  UT ,  fork  and  resonator, 
so  I  substituted  for  the  former  an  UT,  closed  organ  pipe, 
gently  blown,  and  for  the  latter  a  small  funnel  of  gutta-percha, 
whose  mouth  was  placed  close  to  the  disc  while  a  rubber  tube 
connected  the  funnel  with  the  ear.  I  will  here  remark  that  in 
some  series  of  experiments  all  of  the  resonators  were  replaced 
by  this  funnel  of  gutta-percha  and  that  the  results  were  the 
same  as  those  obtained  oy  the  use  of  the  resonators.  I  now 
obtained  the  aid  of  a  friend  who  has  a  trained  musician's  ear, 
and  he  and  I  arrived  at  the  following  results, — the  mean  of  our 
separate  determinations.  He  always  required  a  greater  num- 
ber of  beats  per  second  to  obtain  the  continuous  sensation. 
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After  the  experiments  were  finished  I  found  that  his  deteimi- 
nations  were  about  5  per  cent  higher  than  mine. 

Column  S  of  the  following  table  containe  the  simple 
sounds  experimented  on  ;  they  are  designated  by  the  notation 
stamped  by  Konig  on  his  forks.  Column  N  mves  the  number 
of  vibrations*  per  second  correspondiiig  to  the  Bounds  of  col- 
umn S.  In  column  D  are  the  corresponding  durationg  d  the 
residual  sensations,  expressed  in  vulgar  and  in  decimal  fiie- 
tiona.  The  retiiprocal  of  the  number  of  beats  per 
quired  to  produce  a  continuous  sensation  by  a  given 
taken  as  the  duration  of  the  residual  sensation  of  ^AStt\ 
In  column  L  are  given  the  number  of  wave-lensthB 
in  the  separate  impulses  into  which  the  sound  had  bo 
in  order  to  produce  the  continuous  sensation. 


UT, 

UTa 

UT, 

SOL, 

UT. 

MI. 

aoL. 

UT, 


t>,=  0e2fi  « 
^=■0384    ' 

V)r=-016e  ' 
^^=■0128  ' 
Vff=-0111    ' 


Although,  at  first  sight,  the  apparatus  which  I  hare  n«d  il 
this  resear<?h  may  appear  coarse,  yet  experience  showoci  tfcsi 
the  accuracy  of  a  determination  depended  more  on  the  eaf 
than  on  the  mechanical  appliances  of  our  experiments ;  for  ihf 
average  difference  in  the  measures  of  the  duration  of  anyimc 
residual  sensation  did  not  exceed  the  jjVi  of  a  seocmd.  1^ 
perforated  disc  made  3f  revolutions  to  one  of  the  dririnfl 
crauk,  and  if  the  disc  has  twelve  perforations,  then  theaboTC 
dift'erence  of  jj'^j  of  a  second  is  given  by  the  differaoMilK- 
twecn  two  observations,  in  one  of  which  the  driving  on^ 
made  30  revolutions  in  ten  seconds,  and  in  the  other  nwA 
32  i-cvolutions  in  the  same  time.  It  is  evident  that  the  app- 
ratus  readily  detects  thi.s  difference,  especially  as  I  often  raail 
during  thirty  seconds  to  obtain  the  number  of  beats  strikiD^ 
the  ear  during  one  second. 

Before  accepting  as  final  the  above  determinations,  I  ascer- 
tained that  preat  differences  in  the  intensiticB  of  the  pulses  hsii 

*  I  here,  ax  always,  refer  to  complete  vibrations,  i.  e.,  to  a  motion  to  and  fro,  a 
to  wliBt  the  late  Prof.  De  Morgan  proposed  to  call  a  gioing-rwang. 

f  Tliia  if  to  snf  tbat  n-o  take  as  the  Juration  of  the  residual  gensalion  t^e  iiD*- 
val  during;  which  the  impress  of  a  beat  hax  not  dimmiBhed  sufflcientlj  in  intrant; 
to  cause  discontinuity  in  the  sensation.  To  obtain  the  duraUoD  of  the  Eotilt 
sensation  we  should  have  to  know  the  intensity  of  the  sensation  at  the  end  d  At 
above  interval,  and  law  giving  the  rale  of  diminution  of  ths 


A.  M.  Mayer — Researches  in  Aeouatica. 


246 


little  effect  on  the  number  of  beats  required  to  produce  a  con- 
tinuous sensation.  When  a  great  increase  in  intensity  was 
given  to  the  pulses,  their  number  had  to  be  slightly  increased, 
to  produce  the  same  continuous  sensation  as  that  experienced 


n 

Bl 


n 


DT,  trr,         UT*         SOL,  [JT4  Ml,        SOL,  DT, 

with  feebler  pulses ;  but  the  difference  was  barely  measurable. 
It  is  also  important  to  remark,  that,  after  the  blending  of  the 
pulses  has  been  once  attained,  a  further  increase  in  the  velocity 
of  the  disc  does  not  change  the  character  of  the  sensation.  Ex- 
treme velocities,  of  course,  produce  such  violent  agitations  at  the 
mouth  of  the  resonator  as  to  render  experimenting  impossiblfe 

I  now  projected  the  above  determinations  into  a  curve ;  plac- 
ing on  the  axis  of  abscissas  the  numbers  of  vibrations  of  the 
various  sounds  and  on  the  ordinatea  their  corresponding  dura- 
tions of  residual  sensations.     Thus  was  produced  the  full-lined 
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curve  of  the  accompanying  figure  (2).  The  dotted  curve  is  an 
equilateral  hyperbola  and  expresses  the  assumed  law  that  the 
durations  of  the  residual  sensations  are  inversely  as  the  num- 
bers of  the  vibrations  producing  them.  In  drawing  the  latter 
curve  I  took  the  point  corresponding  to  the  ordinate  of  UT,  as 
the  basis  of  the  assumption.  The  curve  given  by  the  observa- 
tions does  not  coincide  with  the  hyperbola.  The  formula*  of 
the  curve  of  the  observations  is 

The  law  connecting  the  pitch  of  a  sound  with  the  duration 
of  its  residual  sensation  is 


D=: 


/  53248     ,    „  \    ^^^, 


In  which  D=the  duration  of  the  residual  sensation,  and  N= 
the  number  of  vibrations  corresponding  to  D.  The  ordinate  of 
MI 4  is  not  quite  embraced  in  tne  law;  I  have  left  it  outside, 
for  no  matter  how  careful  and  many  were  the  observations  on 
this  sound,  I  could  not  alter  its  place  in  the  curve  of  the  ex- 
periments. According  to  observation,  the  duration  of  MI4  is 
•01111  of  a  second;  according  to  the  law,  it  equals  00827; 
giving  a  difference  of  "00284  second. 

2.   The  Determination  of  ike  numbers  of  Beats,  throughout  the  mm- 
cat  scale,  which  produce  the  greatest  Dissonances. 

The  determination  of  the  law,  which  shows  the  connection 
existing  between  the  pitch  of  a  sound  and  the  number  of  its 
beats  which  causes  the  most  dissonant  sensation,  was  made  with 
the  same  apparatus  which  served  for  the  discovery  of  the  law 
just  discussed.  The  determination  of  the  number  of  beats 
producing  the  greatest  dissonant  effect  with  a  given  sound  is 
difficult ;  for  the  point  of  maximum  dissonance  is  not  shaiply 
marked,  and  individual  judgment  and  peculiarities  come  in,  so 
that  the  range  of  the  determination  for  any  given  sound  by 
different  persons  is  considerable.  But  on  discussing  the  deter- 
minations reached  by  any  one  person,  I  found  that  they  followed 
a  well  marked  law,  which,  as  might  have  been  inferred,  is 
closely  connected  with  the  law  of  the  duration  of  the  residual 
sensation.  Indeed,  we  find  that  any  one  observer  always 
makes  the  numbers  producing  the  maximum  dissonances  » 
constant  fraction  of  the  numbers  of  beats  which  give  continu- 
ous sensations.  Thus,  I  find  that  f%  of  the  latter  numbos 
give  me  the  most  disagreeable  sensations ;  another  observer  has 
placed  the  fraction  as  high  as  j%,     I  imagine  that  we  do  not 

*  To  Mr.  P.  P.  Poinier,  one  of  the  students  of  my  laboratory,  I  gave  the  task  d 
discussing  this  curve,  and  to  him  I  am  indebted  for  the  above  fomrala. 
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greatly  depart  from  an  average  judgment  in  stating  that  about 
j^j  oi  the  numbers  of  beats,  throughout  the  musical  scale, 
which  produce  continuous  sensations,  correspond  to  the  num- 
bers of  beats  giving  the  greatest  dissonant  eflfects.  Thus  we 
can  go  from  the  law  connecting  the  pitch  of  a  sound  with  the 
duration  of  its  residual  sonorous  sensation  to  the  law  giving  the 
numbers  of  beats  throughout  the  musical  scale  which  produce 
the  most  dissonant  sensations. 

3.  Application  of  the  above  laws  in  a  new  method  of  Sonorous 
Analysis,  by  means  of  a  per/orated  rotating  disc. 

It  is  an  interesting  deduction  from  the  laws  we  have  established 
that  a  composite  sound  can  be  analyzed  by  means  of  a  rotating 
disc  with  sectors  cut  out  of  it.  Thus,  on  rotating  a  large  perfo- 
rated disc  with  great  velocity  before  a  reed  pipe,  and  placing  the 
ear  close  to  the  disc, — or  in  connection  witn  the  gutta-percha 
funnel,  by  means  of  the  rubber  tube, — we  shall  have  the  com- 
posite sound  reaching  the  ear  in  a  series  of  impacts  which  suc- 
ceed each  other  so  rapidly  that  even  those  of  the  highest  har- 
monic of  the  reed  blend  into  a  continuous  sensation ;  but,  on 
gradually  lowering  the  velocity  of  rotation  the  impacts  of  this 
highest  harmonic  can  no  longer  blend  and  we  perceive  the  har- 
monic beating  on  the  ear  alone.  This  can  be  readily  confirmed 
by  the  aid  of  a  resonator.  A  further  slight  lowering  of  the 
velocity  brinffs  out  the  beats  of  the  next  lower  harmonic,  and 
so  on,  until  the  velocity  has  been  so  diminished  that  even  the 
beats  of  the  lowest,  or  fundamental,  harmonic  are  perceived ; 
and  then  all  of  the  component  sounds  of  the  reed  are  beating 
in  unison ;  but  yet  the  effects  they  produce  on  the  ear  are  very 
diflferent,  for  the  higher  harmonics,  notwithstanding  their  feebler 
intensities,  must  be  heard  more  distinctly,  because  their  inter- 
mittences  are  furthest  removed  from  the  numbers  that  cause 
their  sensations  to  blend.  In  other  words,  the  highest  harmon- 
ics, in  the  phase  of  the  experiment  above  described,  approach 
nearer  than  the  lower  to  the  numbers  of  beats  required  to  cause 
them  to  give  their  greatest  dissonant  effects.  This  method  of 
sonorous  analysis  was  arrived  at  as  a  deduction  from  our  laws, 
and  subsequent  experiments  confirmed  the  assumption  that  a 
sonorous  analysis  could  be  thus  effected.  This  curious  dis- 
covery has  its  analogue,  in  the  case  of  light ;  for,  when  a  disc 
with  alternate  white  and  black  sectors  is  rotated  so  slowly  that 
distinct  flashes  of  white  light  are  perceived,  the  retina  is  thrown 
into  states  of  successive  increasing  and  decreasing  excitation ; 
now  the  moment  of  the  maximum  of  excitations  is  not  the  same 
for  all  colors,  but  the  excitation  takes  place  sooner  for  the  red 
and  the  violet  than  for  the  green.  "  Si  Ton  fait  toumer  un 
semblable  disque,  lentement  d'abord,  puis,  graduellement,  de 
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plus  en  plus  vite,  et  qu'on  le  regarde  fixement,  en  ^vitant  de  de 
suivre  du  regard  Timage  en  mouvement,  on  remarque  que  le 
blanc  se  colore  en  rougeatre  sur  le  bord  gui  se  pr&ente  le  pre- 
mier, et  en  bleuatre  sur  le  bord  post^rieur.  rour  un  faible 
6clairage,  le  ton  rougefitre  tire  plus  sur  le  jaune-rou^e,  le  bleu- 
fitre  sur  le  violet ;  pour  un  ^lairage  intense,  le  premier  tire  snr 
le  rose,  le  second  sur  le  bleu-vert  Si  la  rotation  est  lente,  le 
ton  bleuatre  s'6tend  d'abord  sur  une  plus  grande  partie  du  blanc 
que  le  ton  rougefitre.  Si,  au  contraire,  la  rotation  est  rapide,  le 
rouge  s'6tend  en  rose  sur  tout  le  blanc,  tandis  que  le  bleu-vert 
s'avance  sur  les  secteurs  noirs ;  en  somme,  le  violet  parait  alors 
pr^dominer  sur  tout  le  disque.  Pour  une  rotation  encore  plus 
rapide,  on  ne  distingue  plus  Tun  de  Tautre  les  di£R£rents  sec- 
teurs ;  on  voit  alors  le  champ  finement  jasp6  de  taches  qui  pa- 
Sillotent  entre  le  rose-violet  et  le  gris-vert  Enfin,  si  la  rapi- 
it^  de  la  rotation  augmente  encore,  le  papillotage  dimiuue,  la 
couleur  grise  resultant  du  blanc  et  du  noir  ressort  de  mieux  ea 
mieux  et  n^est  plus  recouverte  que  par  de  grandes  taches  varia- 
bles, d'un  rose  violet,  qui  pr6sentent  Taspect  des  taches  et  des 
bandes  qu'  on  voit  sur  un  tissu  de  soie  mouill6."  (Helmholtz, 
Optique  Physiologique,  Paris,  1867,  p.  500.) 

4.  Deductions  from  these  laws  leading  to  new  facts  in  the  Physixtr 

ogy  of  Audition, 

The  immediate  consideration  of  the  laws  we  have  established 
gives  the  most  convincing  confirmation  of  Helmholtz's  ideas  of 
the  high  differentiation  in  the  dynamic  constitution,  or  mechan 
ism  of  the  ear.  The  very  fact  of  the  ear^s  power  to  effect  a 
sonorous  analysis  was  shown  by  Helmholtz  to  be  a  proof  of 
this ;  but  our  physiological  law,  susceptible  of  a  mathematical 
expression,  affords  the  most  direct  proof  that  one  could  desire 
of  the  existence  in  the  ear  of  a  highly  differentiated  mechan- 
ism, so  differently  affected  in  its  different  parts  by  sounds  of 
different  pitch.  Indeed,  Helmholtz  also  aivined  this  even 
from  his  restricted  premises,  which  I  have  had  the  privilege  of 
enlarging,  for,  he  says  (Tonempf.,  p.  215):  "  As  the  difficulty 
of  making  a  trill  in  the  bass  is  the  same  on  all  musical  instru- 
ments, and  as  it  is  evidently  altogether  independent  of  the 
mode  of  production  of  sound  on  each  instrument,  we  have  to 
conclude  that  we  have  here  to  do  with  a  difficulty  which  resides 
in  the  ear  itself  Here  is  a  phenomenon  which  neatly  proves 
that  the  vibrations  of  the  mobile  parts  of  the  ear  for  bass 
sounds  are  not  '  damped'  sufficiently,  or  quickly  enough,  to 
prevent  two  sounds  to  succeed  each  other  so  rapidly  without 
blending. 

"  This  fact  proves,  besides,  that  Oiere  should  he  in  tlie  ear  dif- 
ferent parts  which  are  set  in  vibration  by  sounds  of  different  height^ 
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and  which  give  the  sensations  of  these  sounds.  Some  may  imag- 
ine that  the  mass  of  the  vibratile  elements  of  the  ear,  compris- 
ing the  tympanic  membrane,  the  ossicles  and  the  liquid  of  the 
internal  ear,  can  vibrate,  and  that  it  is  on  this  property  of  this 
mass  that  depends  the  impossibility  of  sonorous  vibrations 
ceasing  with  the  same  rapidity  in  the  ear.  But  this  hypothe- 
sis does  not  suffice  to  explain  the  known  facts. 

"  When,  in  fact,  an  elastic  body  enters  into  vibration  under 
the  influence  of  an  exterior  sound,  it  takes  the  number  of 
vibrations  of  the  latter ;  but  as  soon  as  the  exciting  sound 
ceases,  it  vibrates  with  the  number  of  vibrations  which  belongs 
to  it  when  vibrating  freely.  This  fact,  which  is  a  consequence 
of  theory,  can  be  very  neatly  proved  for  tuning  forks  by  means 
of  the  ^bration-microscope. 

"  Therefore,  if  the  ear  vibrate  as  an  entire  system,  and  is 
capable  of  prolonging  notably  its  vibrations,  this  prolongation 
should  depend  on  the  number  of  its  own  free  vibrations,  which 
is  altogether  independent  of  the  number  of  vibrations  of  the 
exterior  sound,  wnich  excited  the  vibratory  motion.  It  at 
once  follows  that  it  will  be  as  difficult  to  trill  among  the  high 
notes  as  among  those  of  the  bass,  and,  also,  that  the  two 
aonnds  of  the  trill  will  blend,  not  with  each  other,  but  with  a 
third  sound  belonging  to  the  ear  itself  We  have  already 
made  known  one  of  the  sounds  in  the  preceding  chapter :  it  is 
the  fa^,*  In  these  circumstances,  consequently,  the  result 
should  be  altogether  different  from  that  given  us  by  the  obser- 
vation of  the  mctB." 

If  we  extend  our  law  downward  and  upward,  throughout 
the  range  of  audible  sounds,  we  have  for  forty  vibrations  per 
second  a  residual  sensation  lasting  j\  of  a  second ;  while  for 
40,000  vibrations  per  second  we  have  a  residual  sensation  en- 
during only  y^Y  of  a  second.  If  we  apply  the  law  to  vibra- 
tions below  forty  per  second,  when  they  do  not  produce  a  con- 
tinuous sound,  but  explosive  sensations  in  the  ear,  we  reach  a 
remarkable  result     Thus,  the  residual  sensation  corresponding 

*  I  here  adopt,  as  I  always  do,  the  French  notation,  which  is  used  by  Konig. 
Thoee  who  use  the  French  translation  of  Helmholtz's  work  should  be  on  their 
goard  to  observe  that  the  translator  has  lowered  all  of  his  notation  one  unit  be- 
low that  used  in  France,  and  he  thus  gives  all  of  Helmholtz's  notes  too  low  by  an 
octave.    Thus,  the  translator's  Ut^  should  read  Ut.,. 

The  fact  to  which  Helmholtz  refers  above  is  that  the  human  ear  is  tuned  by 
reaonance,  to  the/og,  of  2730  complete  vibrations;  so  that  the  vibrations  of  this 
note,  and  of  those  near  it,  cause  piercing  sensations  in  our  ears.  If  a  short  tube 
be  adi4>ted  to  the  external  auditory  canal  these  disagreeable  sensations  disappear, 
as  the  canal  can  no  longer  resound  to  the  above  note  ;  but  the  same  piercing  sen- 
sation will  now  reappear  on  sounding  a  lower  note.  Mad.  E.  Seller,  now  of  Phil- 
adelphia, has  shown  that  dogs  are  peculiarly  sensitive  to  the  acute  mi  of  the 
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to  thirty  vibrations  per  second  should  remain  in  the  ear  /,  of 
a  second,  after  the  viorations  outside  the  ear  have  ceased  ;  then 
we  at  once  ask  why  is  it,  if  the  residual  sensation  lasts  j'^  of  a 
second,  that  thirty  beats  or  pulses  per  second  do  not  blend? 
Do  not  three  distinct  impulses  fall  on  the  ear  in  each  j\  of  a 
second  ?  For  they  follow  one  another  at  thirtieths  of  a  second. 
This  abrupt  breaking  down  of  the  law  can  only  be  explained 
by  the  highly  probable  supposition  that  co-vibrating  bodies  in 
the  ear,  tuned  to  vibrations  below  forty  per  second,  do  not 
exist,  and,  therefore,  as  there  are  no  bodies  in  the  inner  ear  to 
CO- vibrate  and  keep  up  these  oscillations,  after  the  cause  which 
would  have  set  them  in  motion  has  ceased  to  exist,  it  follows 
that  when  the  ear  receives  less  than  forty  vibrations  per  second 
it  can  only  vibrate  en  masse,  and  the  durations  of  these  oscilla- 
tions of  the  ear,  as  a  whole,  are  far  too  short  to  remain  the  j'j 
of  a  second.  The  last  supposition  as  to  the  vibration  of  the 
ear  as  a  mass  may  serve  to  explain  why  the  higher  notes- 
far  beyond  those  used  in  the  musical  scale — produce  continu- 
ous sensations.  For,  to  these  very  high  sounas  we  can  hardly 
imagine  corresponding  tuned  bodies ;  yet  thev  produce  continu- 
ous sensations.  But  may  it  not  be  imagined  that  the  ear  with 
them  does  also  only  vibrate  as  one  mass,  and  that  the  duration 
of  this  vibration  is  suflScient  to  give  continuous  sensations  fix)m 
pulses  following  at  the  rate  of  several  thousand  per  second  ? 
But  for  notes  thus  perceived,  without  the  intervention  of  cor- 
responding co-vibrating  parts  in  the  inner  ear,  diflRerences  of 
pitch  should  be  difficult,  even  impossible,  to  distinguish,  and 
this  we  find  to  be  the  case. 

The  fact  that  the  durations  of  the  residual  sensations  dimin- 
ish, as  the  numbers  of  vibrations  producing  the  sounds  in- 
crease, leads  to  the  knowledge  of  a  new  and  curious  phenome- 
non in  the  physiology  of  audition,  viz :  that  the  timbre  of  a 
composite  sound  begins  to  change  at  the  instant  the  vibra- 
tions, outside  the  ear,  have  ceased ;  for  from  that  instant  the 
residual  sensation  becomes  more  and  more  simple  in  its  char- 
acter, until  at  last  only  the  simple  sound  of  the  fundamental 
harmonic  remains  in  tfie  ear,  and  soon  after,  this  sensation  also 
vanishes.  Thus,  after  the  vibrations  of  an  UT3  reed  pipe  con- 
taining twenty  harmonics  have  ceased,  the  residual  sensation  of 
the  twentieth  harmonic,  or  that  highest  in  pitch,  disappears  in 
the  ^iy  of  a  second ;  but  the  sensation  of  the  fundamental,  or 
lowest  harmonic,  remains  in  the  ear  ^'^  of  a  second  after  the 
sensation  of  the  highest  has  vanished ;  and  the  fundamental 
remains  jV  ^f  ^  second  after  the  cessation  of  the  sensation  of 
the  harmonic  next  above  it. 

The  successive  rates  of  increase  of  the  ordinates  of  the  curve 
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which  expresses  our  law),  as  we  go  fix>in  that  ordinate  belong- 
ng  to  the  highest  note  to  that  belonging  to  the  lowest,  repre- 
sent the  rate  of  successive  extinctions  of  these  harmonics  in 
ihe  composite  residual  sensation.  These  successive  changes  in 
imbre  are  well  illustrated  by  sounding  all  the  twenty  forks  of 
lihe  harmonic  series  of  UT,  and  then  stopping  the  vibrations 
mccessively,  in  going  from  the  highest  to  tne  lowest. 

The  remarkable  phenomenon  we  have  just  described  also  has 
its  counterpart  in  the  analogous  series  of  changes  in  visual  sen- 
sations which  happen  when  the  eye  has  received  the  sudden 
impress  of  a  bright  white  light  and  is  then  immediately  closed 
in  darkness.  Thus,  the  average  duration  of  the  residual  sensa- 
tion in  the  eye  is  the  ^V  ^^  ^  second  for  lights  of  moderate 
intensity ;  but  if  the  image  of  a  bright  cloud  be  received  on 
the  eye  for  ^  of  a  second,  the  "  positive  sensation"  remains  for 
twelve  seconds.  The  duration  of  this  residual  sensation  de- 
pends on  the  color ;  lasting  longer  for  red  than  for  violet  and 
longer  for  violet  than  for  green.  Here  an  analogy  with  our 
sonorous  sensations  is  presented,  for  those  setherial  vibrations 
producing  red  are  fewer  in  number  than  either  green  or  violet, 
and  the  sensation  of  red  lasts  longer  than  either  green  or  violet, 
and,  therefore,  it  follows  that  we  should  have  the  residual 
inu^e  of  the  sun  go  through  these  changes — white,  greenish- 
blue,  blue,  violet,  purple,  red ;  and  this  is  what  really  happens 
when  the  sun's  image  is  momentarily  formed  on  the  retina  and 
the  eye  then  kept  in  darkness. 

The  above  analogy  is,  however,  imperfect  if  it  really  is  estab- 
lished that  the  residual  sensation  of  violet  lasts  longer  than 
that  of  green,  when  the  vibrations,  giving  these  two  colors, 
have  equality  of  energy.  The  analogy  also  is  one  of  sensations^ 
not  one  of  the  mechanisms  existing  between  the  agents  and  the 
sensations  they  produce  ;  for,  in  the  case  of  the  ear,  anatomical 
facts  give  us  bases  for  the  explanation  of  the  ear's  power  of 
eflTecting  a  sonorous  analysis,  and  for  the  understanding  of  the 
reason  of  our  law  of  the  duration  of  the  residual  sensation.  In 
other  words,  in  the  ear  we  have  laid  before  us  the  mechanism 
of  (1)  the  receiving  apparatus,  of  (2)  the  transmitting  appara- 
tus, and  of  (3)  the  sensory  apparatus  :  but  in  the  eye  we  com- 
prehend only  (1)  and  (2),  but  we  know  as  yet  nothing  that  gives 
us  an  understanding  of  the  dynamics  of  the  sensory  apparatus. 
For,  has  modem  histology  given  us  any  facts  concerning  the 
structure  of  the  human  retina  which  point  to  the  establish- 
ment of  Young's  hypothesis  of  three  aistinct  sets  of  retinal 
nerve  terminations?  The  more  we  study  the  minute  structure 
of  the  retinal  rods  and  cones,  the  farther  appears  to  remove  an 
understanding  of  the  mode  of  operation  of  the  sensory  apparatus 
of  the  eye.  May  not  research  in  this  direction  be  guided  by  the 
hypothesis  that  the  molecular  constitution  of  the  retinal  rods 


252  A.  M.  Mayer — Researches  in  Acoustics. 

and  cones  is  such  that  their  molecules  are  severally  tuned  to  the 
vibrations  corresponding  to  the  colors  red,  green  and  violet? 
This  would  lead  us  to  look  for  eflfects  of  actinism  on  the  retina 
as  showing  the  link  existing  between  the  transmitting  and  sen- 
sory functions  of  the  eye.  Do  not  the  fects  of  the  known  per- 
sistence of  chemical  action,  after  it  has  been  once  initiated,  and 
the  time  which  would  be  required  for  the  retinal  molecules  to 
recombine,  or  rearrange  themselves,  after  the  aetherial  vibrations 
had  ceased,  comport  with  the  known  durations  of  the  residual 
visual  sensations,  and  with  the  main  facts  of  physiological 
optics,  better  than  the  hypothesis  that  masses  of  the  retinal 
elements  are  set  in  vibration,  rather  than  their  molecules  ? 

5.   Quantitative  applications  of  the  Laws  to  the  fundamental  facts 

of  Musical  Harmony, 

To  show  the  full  value  of  these  laws  in  introducing  quanti- 
tative precision  in  the  explanations  of  consonance  and  disso- 
nance would  require  an  extended  space ;  we  here  present  only 
such  application  as  will  serve  to  show  their  importance  in  riv- 
ing clear  and  simple  guides  in  reasonings  in  the  physiological 
theory  of  musical  narmony. 

We  have  seen  that  in  the  case  of  the  simple  sound  C , ,  of  64 
vibrations  per  second,  that  16  beats  gave  a  continuous  sensa- 
tion ;  therefore,  to  determine  the  nearest  consonant  interval  of 
this  sound,  we  have  64:  64-f  16  : :  C,  :  E,.  Hence  the  nearest 
consonant  interval  of  C ,  is  its  major  third  on  the  natural  scale. 
To  determine  by  our  law  the  nearest  consonant  interval  of  C„ 
of  128  vibrations  per  second,  we  have  128  :  128+26  : :  C,  :  E*>, ; 
here  the  minor  third  on  the  natural  scale  is  the  nearest  con- 
sonance. In  the  following  table  we  give  the  determinations  of 
the  nearest  consonant  intervals  of  the  simple  sounds  of  the  Cs 
through  five  octaves.* 

Cj  of      64  vibrations,  interval  =  major  third. 

Cjj  "     128         "  "        =  minor  third. 

C3  "     266         "  "        =  "      minus  i  +  of  a  semitone. 

C  4  "     5 1 2         "  "        =  "      minus  ^  —  of  a  semitone. 

Cj  "  1024         "  "        =  one  tone. 

C^j  "  2048         "  "        =  one  tone  minus  J^  4"  of  a  semitone. 

We  thus  see  that  while  in  the  neighborhood  of  C,  the  near- 
est consonant  interval  is  the  major  third,  that  in  the  octave  of 
C5  the  nearest  consonant  interval  has  contracted  to  a  tona 
This  result  shows  why  it  is  that  the  middle  portion  of  the 

♦  We  have,  for  simplicity  of  illustration,  determined  the  above  intervals  on  the 
basis  of  the  pitch  of  the  lower  note ;  but,  as  the  beats  are  produced  bj  the  con- 
joined action  of  the  two  sounds,  it  would  have  been  more  accurate  to  have  taken, 
as  a  second  approximation,  the  mean  pitch  of  the  two  sounds.  Thereby,  the  above 
determinations  would  be  somewhat  changed  for  lower  but  not  perceptibly  for 
higher  notes. 
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musical  scale  is  best  adapted  for  expression,  and  is  most  used 
in  musical  composition;  for,  while  in  the  lowest  octaves  the 
available  consonant  intervals  are  few  on  account  of  the  spaces 
separating  them,  in  the  higher  octaves  the  consonances  are  so 
contracted  that  these  higher  consonant  intervals  lose  their 
sharpness  of  definition. 

It  is  here  to  be  remarked  that  in  our  experiments  we  have 
obtained  continuous  and  discontinuous  sensations  from  beats 
produced  by  one  sound  of  a  constant  pitch ;  but  with  musical 
intervals  we  obtain  beats  from  two  sounds  differing  in  pitch. 
In  the  latter  case  DeMorgan,  Gu6roult  and  Mr.  Sedley  Taylor 
have  shown  that  there  exists  a  variation,  or  oscillation,  in 

Sitch  whenever  the  two  sounds  are  not  of  the  same  intensitv. 
[r.  Taylor,*  from  this  fact,  advances  the  idea  that  these  oscil- 
lations in  pitch  cause  a  noise  in  place  of  a  sornidj  and  to  this 
result  is  due,  in  great  part,  the  dissonance  produced  by  beats 
of  two  different  sounds.  He  brings  forwara  in  support  of  his 
opinion  experiments  with  a  tuning-fork,  rapidly  spun  in  a 
lathe;  where  he  states  that  no  alteration  in  pitch,  but  onlj 
alteration  in  intensity,  can  take  place.  I  have  repeated  this 
experiment,  but  have  not  been  able  to  confirm  his  ooservation, 
on  account  of  the  change  in  pitch  which  takes  place  almost  as 
soon  as  the  fork  is  rotated.  Indeed,  I  have  thus  succeeded  in 
elevating  the  pitch  of  a  fork  to  nearly  a  minor  third.  But 
assuming  that  this  explanation  of  dissonance  is  correct,  yet  our 
views  hold  good  when  we  consider  intervals  formed  of  sounds, 
equal  in  intensity. 

Helmholtz  (Tonempf.,  ch.  viii,  p.  258  et  seq.)  states  generally 
that,  in  the  higher  regions  of  the  musical  scale,  thirty  to  forty 
beats  per  second  give  rise  to  the  most  disagreeable  dissonance, 
but  that  if  these  beats  follow  so  rapidly  that  about  132  fall 
upon  the  ear  in  a  second,  then  the  sensation  they  cause  is 
smooth  and  continuous,  and  the  two  notes  producing  these 
beats  form  a  consonant  interval.  Helmholtz,  at  the  same  time, 
dwells  with  emphasis  and  with  some  minuteness  on  the  addi- 
tional important  fact,  that  the  dissonant  and  consonant  effects 
of  beats  ao  not  altogether  depend  on  their  frequency  per  sec- 
ond, but  also  on  the  position  in  the  musical  scale  of  the  sounds 
producing  these  beats.  Tyndall,  in  his  otherwise  admirable 
little  boot  "  On  Sound,"  has  overlooked  the  latter  impor- 
tant fact,  and  while  assuming  broadly  that  33  beats  per 
second— no  matter  what  the  pitch  of  the  notes  producing  them 
— give  the  greatest  dissonance,  while  132  beats  per  second  give 
consonance,  he  has  made  logical  deductions  from  these  pre- 
mises which  do  not  bear  the  test  of  experiment  or  conform  to  the 
experiences  of  musicians.     On  page  299  of  T3nidairs  work  we 

*  On  the  Yariationa  of  Pitch  in  Beats.    By  Sedley  Taylor,  Esq.,  PhiL  Mag., 
July,  1872. 
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read :  "  Does  this  theory  accord  with  the  facts  that  have  been 
adduced  ?  Let  us,  in  the  first  place,  examine  our  four  tuning- 
forks,  to  ascertain  whether  their  deportment  harmonizes  wiUi 
this  theory.  And  here  let  me  remart  that  we  have  only  to  do 
with  the  fundamental  tones  of  the  forks.  Care  has  been  taken 
that  their  overtones  should  not  come  into  play,  and  they  have 
been  sounded  so  feebly  that  no  resultant  tones  mingled  in  any 
sensible  degree  with  the  fundamental  tones.  Bearing  in  mind, 
then,  that  the  beats  and  the  dissonaiice  vanish  when  the  differ- 
ence of  the  two  rates  of  vibration  is  0 ;  that  the  dissonance  is 
at  its  maximum  when  the  beats  number  88  per  second;  that 
it  lessens  gradually  afterward,  and  entirely  disappears  when 
the  beats  amount  to  182  per  second, — we  will  analyze  the 
sounds  of  our  forks,  beginning  with  the  ocixive. 
"  Here  our  rates  of  vibration  are 

512-256 ;  difference=256. 

"  It  is  plain  that  in  this  case  we  can  have  no  beats,  the  differ- 
ence being  too  high  to  admit  of  them." 

But  if  Prof  Tyndall  had  taken,  in  place  of  the  above  forks, 
two  forks  giving  40  and  80  vibrations  per  second,  he  would,  ac- 
cording to  his  premises,  have  made  this  octave  a  most  disso- 
nant interval ;  for  would  he  not  have  had  (80—40=40)  forty 
beats  per  second  entering  his  ear?  Similarly,  if  we  assume  that 
38  beats  per  second  always  produce  the  maximum  dissonance, 
then  even  the  interval  C,  :  C,,  which  gives  a  difference  of  64, 
is  far  removed  from  consonance. 

Prof.  Tyndall  then  proceeds :  ^*  Let  us  now  take  the  fiftli. 
Here  the  rates  of  vibration  are 

884-256;  difference=128. 

"This  difference  is  barely  under  the  number  132,  at  which  the 
beats  vanish :  consequently  the  roughness  must  be  very  slight 
"Taking  Wiq fourth^  the  numbers  are 

384-812;  difference=72. 

"  Here  we  are  clearly  within  the  limit,  when  the  beats  vanish, 
the  consequent  roughness  being  quite  sensible. 
"  Taking  the  major  third,  the  numbers  are 

320-256;  difference =64. 

"  Here  we  are  still  further  within  the  limits,  and,  accordingly, 
the  roughness  is  more  perceptible. 

"  Thus  we  see  that  the  deportment  of  our  four  tuning-forks 
is  entirely  in  accordance  with  the  explanation  which  assigns 
dissonance  to  beats." 

Now  all  of  the  above  intervals  were  formed  of  simple 
sounds,  without  overtones  or  resultants,  and  in  not  one  of  the 
experiments  adduced  does  the  number  of  beats  fall  "  within 
the  limit  where  the  beats  vanish,"  and  "the  consequent  rough- 
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ness"  referred  to  does  not  exist  Thus,  in  the  case  of  the  fifth 
(884—256;  difference =128),  the  blending  would  have  been 
reached,  according  to  our  law,  by  fifty -six  beats  per  second. 
In  the  case  o{  the/ourthj  (884—812  ;  difference=72),  the  blend- 
ing is  reached  by  sixty  beats  ;  while  with  the  major  third  (320 
— ^256;  difference=64),  fifty -one  beats  give  the  limit  of  dis- 
sonanca  All  of  these  intervals  are  really  consonant,  and  any 
musical  ear  will  attest,  on  repeating  the  experiments,  that  the 
intervals  cited  cause  no  perceptible  roughness.  Indeed,  the 
combinations  cited  by  Prof.  Tyndall,  when  formed  of  simple 
sounds,  are  all  eminently  consonant  intervals,  throughout  the 
whole  range  of  audible  sounds.  The  same  criticism  applies, 
with  nearly  equal  force,  to  the  experiments  on  pages  302  to 
804,  cited  as  illustrating  Helmholtz's  hypothesis.  Any  one 
may  convince  himself  of  this  by  means  of  n^e-reed  organ  pipes 
brought  rigorously  into  these  intervals  on  the  natural  scale. 

These  criticisms  on  the  book  of  my  friend  Professor  Tyndall 
are  not  given  merely  for  the  sake  of  criticism,  but  because  his 
eminence  as  an  original  investigator,  and  his  great  power  as  a 
popular  teacher  of  scientific  truths,  have  given  an  extensive 
distribution  to  his  writings,  and  I  am  sure  he  will  be  obliged  to 
any  one  who,  in  the  proper  friendly  spirit,  will  show  how  his 
work,  written  to  diffuse  scientific  knowledge,  may  be  rendered 
more  efficient  in  accomplishing  that  object. 


Art.  XXII. — On  the  TTiermo-electrical  Properties  of  some  Minerals 
and  their  varieties  ;  *  by  A.  ScHRAUF  and  Edward  S.  Dana. 

1.  All  previously  published  investigations  in  thermo-elec- 
tricity have  led  to  this  result :  that  certain  minerals  are  in 
part  positive^  and  in  part  negative^  in  contact  with  copper,  and 
that  on  this  account,  they  hold  different  positions  in  the 
thermo-electrical  series. 

If,  for  example,  in  the  series  given  by  Seebeck,f  we  number 
bismuth  1  and  tellurium  34,  we  have  as 

No.    6  Platinum  (purej.         No.  7  Copper  (pure,  from  CuO). 
No.  14        "  (2).         No.  12     "         (commercial). 

No.  28         "  (1).         No.  21     «  " 

These  variations  recall  to  mind  the  property  which  belongs  to 
all  metals,  of  suffering  very  great  changes  in  cohesion,  elasticity, 
etc.,  in  consequence  of  a  minute  admixture  of  some  foreign  sub- 
stances. 

♦Prom  the  TraDsactions  of  the  Royal  Academy  of  Sciences  at  Vienna,  vol. 
Ixix,  March  1874.  Translated  by  £.  S.  Dana,  and  read  before  the  American  As- 
sociation at  the  Hartford  meeting. 

t  Seebeck,  Gilb.  Ann.,  yoL  budii,  430 ;  Pogg.  Ann.,  vol.  vi. 
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This  important  fact  has  been  well  established  in  the  case  of 
gold  and  iron. 

The  variation  from  4-  to  ~,  however,  has  been  shown  to 
characterize  crystallized  minerals  as  well  as  the  amorphous 
metals.  Hankel,*  Marbach,f  Friedel  %  ^uid  G.  Bose  |  have  in- 
vestigated this  subject  in  relation  to  the  hemihedral  crystals  of 
pyrite  and  cobaltita  Friedel  first  suggested  the  connection 
between  positive  and  negative  thermo-electricity  and  right  and 
left  heminedrism,  but  did  not  pursue  the  matter  further :  evi- 
dently because,  in  the  case  of  pyrite,  the  morphological  and 
electrical  relations  do  not  allow  of  definite  determination. § 
Rose  attempted  to  obtain  a  solution  of  the  same  problem  by 
identifying  ±  with  right  and  left  hemihedrisna.  For  the  correct- 
ness 01  this  supposition,  however,  there  has  been  as  yet  no  con- 
clusive proof,  wnile,  on  the  other  hand,  more  intricate  hypothe- 
ses seem  to  be  required  for  its  support^  For  minerals  which 
do  not  crystallize  hemihedrally,  this  hypothesis  of  Rose  is  evi- 
dently  impplicable ;  and,  what  is  mo^if  accepted,  no  varia- 
tion  in  electrical  character  should,  in  such  cases,  be  expected 
It  is  here  important  to  mention  that,  some  years  before  the  in- 
vestigations  of  Rose,  exceptions  of  this  nature  were  observed 
by  Prof  Stefan  ;**  he  found  granular  galena  negative,  crystal- 
lized galena  positive. 

The  thermo-electrical  series,  recently  published  by  Flight, ff 
also  afibrds  several  such  examplea  His  list  embraces  a  large 
number  of  minerals.  Making  hematite  1  (at  the  negative  ex- 
tremity of  the  series)  and  fused  chalcocite  (No.  3)  56  (at  the 
positive  end),  we  find,  as  below : 

Chalcopyrite             (1)  is  No.    2 

Fused  chalcopyrite  (1)  21 

Galenite  4 

Fused  galenite  31 

What  changes,  if  any,  these  natural  sulphids  underwent  in  con- 
sequence of  being  fused,  do  not  appear  to  have  been  accurately 
investigated,  although  this  is  a  point  of  the  highest  interest 
It  is  clear  from  the  last  observations  that  an  explanation  is 
often  to  be  found  in  an  altered  condition  of  aggregation. 

♦  Hankel,  Pogg.  Ann.,  vol.  liii,  197.     f  Marbach,  Compt.  Rend.,  vol.  xlv,  707. 
Friedel,  Instit.,  1860,  420 ;  Ann.  d.  ChinL,  1869,  vol.  xvi,  14. 
G.  Rose,  Pogg.  Ann,,  1871,  vol.  cxlii,  13. 

I  In  a  recent  paper  (which  reached  us  after  the  completion  of  our  manuscript) 
Friedel  (Comptes  Rendus,  xvi,  Feb.,  1874,  p.  508)  claims  priority  for  his  views  over 
G.  Rose,  but  at  the  same  time  he  explains  that  while  his  hypothesis  is  to  be  as- 
sumed as  true,  it  does  not  crystcUlographicaUy  admit  of  proof. 

^  Compare  on  this  subject,  Brezina,  Tschermak's  Min.  Mittheil,  1872,  p.  23. 
♦♦Stefan,  Sitzungsb.  d.  k.  Akad.  Vienna,  1865,  vol.  li,  260. 
ff  Flight,  Ann.  d.  Ohem.  u.  Pharm.,  voL  cxxxvi. 
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The  view  of  Franz,*  that  the  direction  of  the  stream  (db)  in 
bismuth  depends  upon  the  cleavage  lamellae,  offers  a  satisfac- 
tory explanation  of  some  of  the  phenomenaf  On  the  other 
hand,  the  right  or  left  hemihedrism  entirely  fails  to  account  for 
the  change  of  db  in  holohedral  or  amorphous  fused  materials ; 
and  in  such  cases  other  causes  must  exist  and  must  be  sought 
for. 

It  was  with  great  pleasure,  consequently,  that  we  availed 
ourselves  of  the  Tdndness  of  Prol  Stefan  in  putting  at  our  dis- 

fosal  a  very  sensitive  galvanometer  belonging  to  the  Physical 
nstitute  (Vienna) ;  and  we  take  this  opportunity  to  acknowl- 
edge our  obligations  to  him. 

2.  The  thermo-electrical  investigation  of  minerals  can  have 
as  its  object  either  the  determination  of  their  absolute  position 
in  the  series,  or  their  relative  position  upon  contact  with  copper. 
Of  these,  we  selected  the  latter,  since  our  attention  was  espe- 
cially directed  to  the  exceptions,  as  they  may  be  called  Our 
oaethod  of  investigation,  consequently,  was  iaentical  with  that 
B^hich  has  been  made  use  of  and  fully  described  by  Prof. 
Stefan  and  G.  Eose.  We  mention  here  merely  that  the  homo- 
geneity of  our  copper  wire  was  carefully  ascertained.  The 
^ire  when  warmed  and  brought  in  contact  with  the  cold  wire 
eft  the  needle  in  complete  rest,^  so  that  no  considerable  error 
n  consequence  of  subordinate  currents  is  possibla 

A  series  of  preliminary  experiments  was  devoted  to  estab- 
ishing  the  relation  between  form  and  thermo-electricity,  especial 
ittention  being  directed  to  determining  the  influence  of  the  sur- 
face, and  of  hemihedrism.    The  following  results  were  obtained : 

(o.)  In  galenite,  cobaltite,  and  pyrite,  the  interior  of  the  crys- 
al  has  the  same  electrical  character  as  the  surface  under  normal 
jircumstances ;  6onsequently,  the  particular  planes  by  which 
he  crystals  are  bounaed  have  no  influence  upon  the  ±  sign. 

b.  Surfaces  made  by  grinding  (on  the  minerals  just  named), 
whatever  position  they  have  with  reference  to  the  cleavage 
lirections,  have  the  same  electrical  character  with  the  mass  as 
I  whole. 

(c.)  In  tetrahedrite  and  chalcopyrite,  which  crystallize  hemi- 
ledrally,  and  with  the  most  complete  opposition  of  right  and 
eft,  no  change  of  it  could  be  discovered. | 

♦Franz,  Pogg.  Ann.,  voL  ixzziii,  375 ;  vol.  ixxxiv,  388;  vol.  zovli,  34. 

f  Schrauf  ^hrbuch  d.  Phjs.  Min.,  II  Bd.,  p.  386)  has  adopted  this  ezplana- 
ion.  In  acoordanoe  with  the  results  of  the  present  investigation,  this  view  of 
he  electrical  phenomena  must  be  altered. 

X  We  may  mention  in  addition  that  a  brass  wire  in  contact  with  itself  (cut  from 
iie  same  piece)  caused  a  considerable  deflection  of  the  needle,  in  the  direction  of 
tie  -I-  stream. 

I  Rose  (1.  a)  found  the  same  constancy  in  the  sign  in  ohalcop3rrite. 

Am.  Jour,  Sol— Third  Sbbibs,  Vol.  VIII,  No.  46,— Oct.,  1874. 
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(d)  On  crystals  of  pyrite  the  db  por-  i. 

tions  are  sometimes  distributed  very 
irregularly  (fig.  1),  and  any  explanation 
of  this  by  the  supposition  of  a  twin 
structure  is  impossible.  We  should 
have  to  assume,  m  this  case,  a  parallel- 
wise  interpenetration  of  the  aiflferent 
individuals  or  lamellas. 

(e.)  The  majority  of  the  pyrite  crys- 
tals are  negative  in  relation  to  copper ; 
the  positive  portions  appear  often  to  be  only  thin  layers,  of  a  dif- 
ferent nature  from  the  mass  of  the  crystal.  Homogeneous  + 
pyrite  crystals  are  exceedingly  rare. 

These  results  show  clearly  that  an  investi^tion  of  the 
thermo-electrical  properties  oi  minerals  is  of  value  only  when 
their  chemical  composition  is  known.  It  is  well  known  how 
much  the  composition  of  individual  minerals  varies ;  how 
questionable  it  is,  for  example,  whether  different  pyrites  have 
the  same  composition.*  As  before  observed,  a  minute  admix- 
ture of  foreign  materials  may  exert  a  verv  decided  influence 
upon  the  applicability  of  the  metals  in  the  arts,  and  conse- 
quently upon  their  physical  characters.  On  this  account  our 
attention,  in  the  following  investigations,  was  directed  espe- 
cially to  the  chemical  side  of  the  subject;  and,  without  mean- 
ing to  overlook  the  connection  between  the  form  and  the  varia- 
tion of  di,  we  endeavored,  first  of  all,  to  determine  the 
influence  of  the  material  itself.  To  this  end  the  varieties  of 
certain  minerals  are  especially  well  adapted ;  and,  in  fact,  out 
of  a  long  series  of  sulphids,  arsenids  and  tellurids  of  cobalt, 
iron,  nickel  and  bismuth,  we  were  successful  in  finding  some 
examples  capable  of  showing  the  relation  between  the  thermo- 
electricity and  the  chemical  nature  of  the  minerals.  It  was  nec- 
essary first,  however,  to  investigate  a  large  number  of  species. 

3.  Our  results  in  regard  to  the  thermo-electrical  character  of 
the  minerals  tested  related  throughout  to  their  behaviour  in 
contact  with  copper.  The  position  of  the  wire  employed  was 
unfortunately  not  exactly  in  the  middle  of  the  tnermo-elec- 
trical  series  as  given  by  Seebeck  (1.  c),  but  on  the  other  hand 
near  pure  gold  and  silver.  It  was  to  be  expected,  in  conse- 
.  quence  of  this,  that  the  larger  number  of  substances  would  be 
negative  in  relation  to  copper  wire  ;  and  the  observations  were 
in  accordance  with  this.     A  number  of  minerals  which  gave  no 

f)erceptible  stream,  and  are  conse(^uently  marked  0  in  the  fol- 
owing  list,  might  perhaps  be   -f  m  contact  with  a  different 

*  The  use  made  of  pjiite  in  England  (more  than  eight  million  c^'t.  yearlj) 
shows  more  than  any  single  analysis  the  amount  of  Cu,  Ag,  and  Au,  contained  in 
this  mineraL 
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piece  of  copper.  But  these  facts  have  only  a  minor  import- 
ance in  this  investigation.  Cobalt,  nickel  and  bismuth  are 
strongly  negative,  and  iron  strongly  positive ;  their  sulphids, 
on  the  other  hand,  act  still  more  vigorously  on  the  needle  of 
the  galvanometer  than  the  native  metals.  The  variation  from 
the  true  result,  occasioned  by  the  relative  position  of  the  cop- 
per wire  used,  must  consequently  be  quite  unimportant 

A.  The  following  minerals  gave  no  electrical  stream  in  contact 
with  copper.  Taking  into  consideration  the  position  of  the 
copper  employed  by  us,  as  just  explained,  these  minerals  must 
stand  nearer  the  positive  end  of  the  series  (except  so  far  as 
their  non-conducting  power  was  the  occasion  of  the  negative 
result). 

Argentite  Ag^S  iBometric. 

Acanthite  -^Sj^  orthorhombic 

Sphalerite  Zn»  isomet  hemibedral. 

Alabandite  MnS  isometric 

Hauerite  MnS^  ** 

Katile  TiO,  orthorhombic. 

Brookite  ^^M  monoclinia 

Antimonite  SbgS. 

Boulangerite  PhsSbsS^ 

Kobellite  Pb^Bi^SbaS  ^ , 

Sartorite  PbAs2S4 

This  list  of  minerals  investigated  embraces  unfortunately  the 
majority  of  those  substances  from  which  we  expected  to  throw 
great  light  upon  our  subject 

In  the  dimorphous  group  of  the  silver  sulphids  the  change 
of  form  does  not  correspond  to  any  variation  in  the  thermo- 
electrical  properties.  Argentite  and  acanthite  are  in  this  re- 
spect similar,  so  also  rutile  and  brookite.  In  sphalerite,  also, 
tne  form  seemed  to  have  no  influence,  although  right  and  left 
hemihedrism  is  distinguishable.  Alabandite  and  hauerite  were 
selected  in  order  to  show  the  influence  of  an  increasing  per- 
centage in  sulphur.  The  group  boulangerite,  kobellite,  sartor- 
ite and  antimonite  were  investigated  in  order  to  ascertain  their 
relation  to  galenite ;  but  no  essential  differences  were  observed. 
It  is  to  be  mentioned  that  (in  consequence  of  their  containing 
antimony)  they  stand  nearer  the  positive  end  of  the  series, 
while  galenite,  on  the  other  hand,  is  strongly  negative. 

B.  The  following  minerals*  are  positive  (+),  or  negative  (— ),  in 
contact  with  copper: 

1 .  BiKfnuth  compounds,  [Bi^'\ 

Bismutliinite  -^^a^ji  ""  Sweden. 

Tetradymite  Big(TeS)3  —  Schubkau,  Orawitza. 

*  It  is  to  be  observed,  in  examining  this  table,  that  arsenic,  antimony,  and  tel- 
lurium, as  native  metals,  are  +  in  reference  to  copper,  while  in  composition  they 
are  generally  negative. 
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Tetradymite  Bij(TeS)8         +  Georgia,  England. 

WehrUte  Bi2(TeS)^  +  Hungary. 

2.  Nickel  compounds,  [-^»-"] 
MiUerite  Ni  S               0..  - 
Qersdorffite  Ni  (AbSK  "*  Schladming 
XJllmanDite  Ni  (Sb,A8S)2     —  Karinthia. 
Nicoolite  Ni^As^              —  Pribram. 
Rammelsbergite  NiASj.                —  Hesse. 
Grftnauite  (NiBiFeCu)S    —  Siegen. 

Pyrite  (containing  Ni)  FeS2-j-43Qfi       —  Dramen,  Norway. 

3.  CobaU  compounds,  [^^  **] 
linneeite  Co  ,8^  —  Mtlsen. 
Smaltite  (CoFeNi)A82  ^  Saxony,  Hesse. 
Cobaltite  Co(SAs),  -< —  Sweden. 
Glaucodot  (CoFe)(SAsK  -j —  Hakansbd. 
AUoclasite  (9^^^«) 3(^^8)4     "*"  Orawitea. 
Skutterudite  CoAs,  -f~      SkutteradL  Kongsberg. 

"  "  —  Modom,  Tonaberg. 

4.  Lead  compounds,  [Fb  —  ] 

Galenite  PbS  —  Usaal  varieties. 

"  "  +      Monte  Poni 

Clausthalite  PbSe  —  Hans. 

Naumannite  (PbAg)Se  —  Harz. 

Lehrbachite  (PbI§)Se  -  Hara. 

Zorgite  (CuPb)Se  -f—  Variable,  mixture  ? 

6.  SUver  and  Gold  compound   [Ag  Au  0\ 
Sylvanite  (Ag,Au)Teg  — 

6.  Copper  compounds,  [Cu  0\ 

Chalcopyrite  CugFe^S^  — 

Bomite  CugFegSe  + 

Tetrahedrite  Cu^Sb^S.,  0..+ 

Chalcocite  Cu^S  -f- 

Berzelianite  Cu^Se  -f-     Sweden. 

Zorgite  (PbCu)Se  -j —  Variable,  mixture.  Han. 

7.  Iron  compounds.  [Fe  +] 
Marcasite                 FeS,                     -f- 

Pyrite  "  4"      Piedmont,   Devonshire, 

Turinsk. 
"  "  —  Most  localities. 

Pyrite  (containing  Ni)  FeSj,+4j^Ni       —  Drammen,  Norway. 

Pyrrhotite  Fe^Sg  +       Sweden. 

H!ematite  FcjOj  —  Brazil 

Magnetite  ^©3^4  —  Monroe. 

Leucopyrite  FeAs^  —  Andreasberg,      Schlad- 

ming. 

Ldlling^te  Fe^As,  —  Reichenstein. 
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Mispickel  Fe(SAB),  +      England. 

"              ?                "  -  Freiberg. 

"     (Weisserz)  (FeAg)(SA8)a  -  Freiberg. 

Danaite  (CoFe)(SA9)j  -|-      Franconia. 

"                                    "  —  Norway. 

Although  tables  A  and  B  embrace  a  considerable  number  of 
minerals,  they  afford  only  a  few  general  conclusions. 

(a.)  In  the  compounds  of  the  negative  metals  Bi,  Co,  Ni,  Pb, 
the  character  of  the  metal  outweighs  that  of  the  S. 

(6.)  The  addition  of  antimony  has  the  result  of  weakening 
this  n^ative  character ;  that  of  tellurium  strengthens  it 

(c )  In  combination  with  iron  the  arsenides  are  negative,  but 
the  majority  of  the  sulphides  positive. 

4  A  more  accurate  undei'standing  of  the  relations  between 
chemical  nature  and  thermo-electricity  can  be  obtained  only 
from  those  minerals  which  are  sometimes  +,  sometimes  -. 
Thus,  while  in  the  case  of  iron,  copper,  and  nickel,  the  addition 
of  an  equivalent  of  S  or  As  takes  place  without  electrical 
change,  other  minerals  show  a  change  in  sign  when  the  rain- 
eralogical  formula  seems  to  remain  unaltered.  With  the  ex- 
ception of  the  observations  of  Stefan  on  galenite,  those  on 
pyrite  and  cobaltite  are  the  only  other  published  examples. 
These  latter  have  been  the  basis  of  a  very  one-sided  theory,  as 
it  seems  to  us,  although  this  was  natural,  since  the  two  species 
in  question  are  similar  in  their  hemihedral  forms. 

As  a  result  of  our  observations,  we  have  succeeded  in  adding 
four  new  cases  of  minerals  with  this  ±  variation.  We  are  in- 
clined to  lay  especial  stress  upon  these,  because  these  minerals — 
tetradymite,  glaucodote,  mispickel,  skutterudite — are  not  hemi- 
hedral, so  that  the  change  in  electrical  character  cannot  be  con- 
ditioned on  right  and  left  hemihedrism. 

These  cases  we  regard  as  proving  the  dependence  of  the 
thermo- electricity  upon  the  chemical  composition.* 

In  order  to  give  the  proof  of  this,  it  is  necessary  to  introduce 
into  the  following  tables,  besides  our  observations  on  the  thermo- 
electricity, also  the  determination  of  the  chemical  composi- 
tion and  the  density.f  We  did  not  fail  to  recognize  the  desira- 
bility of  an  exact  analysis  for  each  mineral  whose  electrical 
character  was  investigated ;    but  in  the  absence  of  them  we 

*  Tait  has  shown  recently  that  iron  changes  its  thermo-eleotrical  sign  at  a  red 
heat ;  and  this  same  is  true  of  nickel  at  a  somewhat  lower  temperature.  Tait 
is  inclined  to  ascribe  this  phenomenon  to  a  change  in  the  arrangement  of  the 
molecules.  Our  investigations,  however,  are  based  upon  the  character  of  a  stream 
called  out  by  the  minimum  amount  of  heating,  thus  excluding  the  possibility  of 
the  substance  passing  into  an  allotropic  condition  in  consequence  of  the  heat. 
The  molecular  arrangement  is,  therefore,  to  be  assumed  as  unchanged  in  these 
experiments. 

f  Analyses  and  specific  gravity  determinations,  taken  from  other  authors,  are 
printed  in  italics. 
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endeavored  to  supply  the  want  approximately  by  determining 
the  specific  gravity  whei'ever  this  was  possible.* 

A.  Tetradymite, 


Te 

S 

Bi 

Fe 

Ag 

Schubkau 

Orawitza 

G^rgia 

Eiiigrland 

Wehrlite 
Hungary 

+ 

+ 

— 

— 

+ 

34-6 

4-8 
60-0 

Wehrlef 

35-9 

4-2 

69-3 

Frenzel  J 

48-7 

0- 
61-5 

0-5 
Balch  1 

? 

29-7 
2-3 

61-1 

t 

2-0 
Wehrle  § ' 

G= 

7-30 
Wehrlef 

7-868 
Balch  1 

■ 1 

The  tetradymite  discovered  in  1878  at  Orawitza  had  the  same 
electrical  character  as  that  long  known  from  Schubkau  and 
Deutsch-Pilsen.  The  composition  of  these  three  Te-Bi  com- 
pounds is  in  fact  similar,  and  they  contain  a  small  amount  of 
sulphur.  The  variety  from  Dahlonega,  Georgia,  is  remarkable 
for  its  well-establishea  want  of  sulphur.  In  these  compounds^ 
as  also  in  sylvanite,  the  tellurium  has  an  increasing  action  in  a 
negative  direction,  while  sulphur,  notwithstanding  the  small 
amount  present,  acts  in  a  positive  direction. 

B.  Danaite, 


Franoonia. 

Hakansbo. 

Skatterud. 

Modum. 

LoUingite. 

Fe^Ass 

Beichenstein. 

G= 

As 
S 

Fe 
Co 

6-336 

6-096 

6-169 

41-7 

17-8 

32-9 

6-4 

Hayes.** 

46-7 

17-4 

26-2 

9-1 

Scheerer.ff 

66-8 

1-8 

32-3 

Karsten.JI 

G= 

6-207 

Variety  Ver- 

montite  from 

Franconia. 

6-08 
6069 
Variety 
Akontite  from 
1  Hakansbo.  II 

*  Each  of  our  specific  gravity  determinations  is  the  mean  of  seyeral  trials.    The 
average  mean  error  may  be  stated  as  ±  0'002. 

Wehrle,  Schweigg.  J.,  18.30,  voL  lix,  482.    \  Frenzel,  Leonh.  Jahrb.,  1873,  800. 

Balch,  Amer.  Jour.  Sci.,  II,  voL  xxrv,  p.  99. 

Wehrle,  Baumgart.  Zeitsch.  Wien,  vol.  xix,  144. 

Balch,  Dana  Min.,  1 870,  p.  31.    ♦*  Hayes,  Am.  Jour.  ScL,  II,  vol.  xxiv,  p.  386. 
f  f  Scheerer,  Fogg.  Ann.,  vol.  xlii,  p.  546. 
%\  Karsten,  Dana  Min.,  1870,  p.  78.       ||  Dana,  Min.,  1870,  p.  79. 
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Besides  the  Danaite,  we  have  added,  for  the  sake  of  compari- 
son, the  chemical  composition  of  Idllingite.  Taking  into  con- 
sideration the  fact  that,  in  the  compounds,  arsenic  and  cobalt 
play  the  part  of  negative  elements,  but  iron  and  also  most  of  the 
sulphids  that  of  positive,  a  partial  explanation  of  the  change  of 
dt  becomes  possible.  In  the  crystals  from  Franconia  the  per- 
centage of  FeS  is  larger  (=50-7)  than  that  of  AsCo  (=481). 
The  reverse  is  true  in  the  danaite  from  Norway,  where  FeS 
=43 '6  and  CoA8=65'8.  These  varieties  show  a  very  marked 
difference  in  specific  gravity. 


C. 

Skiitterudite. 

G= 

ModuixL 
6-934 

Tanaberg. 

Skutterud. 

+ 

6*664 

Kongsberg. 

As 
Co 
Fe 

79-0 
19-6 
1-4 
W6hler* 

The  specific  gravity  of  the  varieties  from  Tunaberg  and 
Kongsberg  could  not  be  determined,  as  in  the  specimens  at 
hand  the  mineral  was  in  small  imbedded  portions.  The  varia- 
tion in  the  case  of  the  varieties  from  Modum  and  Skutterud  is 
especially  remarkable.  Complete  crystals  from  the  Skutterud 
locality  were  investigated,  as  well  as  massive  specimens ;  they 
were  all  +•  Skutterudite  is  isometric,  but  no  hemihedrism  has 
been  observed. 

D.   Olaucodot 


Hakansbo. 

Chili. 

G= 

SheU. 
6-011 

Total. 

KemeL 

+ 
5-906 

? 

As 
S 
Co 
Fe 

(Fused  R.B.  to 
a  pearl). 

440 
19-8 
16-1 
19-3 

(Fused  B.B.  to 
a  pearl). 

43-2 
20-2 
24-7 
11-0 

G= 

6-973 
Ludwip.f 

5-975— 6003 
Plattner.^ 

The  crystals  of  glaucodot  have  often  a  length  of  H  inches. 
They  belong  to  the  orthorhombic  system  ;  the  cleavage  is  both 
basal  and  prismatic,  and  may  be  observed  not  only  in  the 
outer  layer  of  the  crystal,  but  also  in  the  central,  although  less 
perfectly.     About  twenty  large  crystals  from  Hakansbo  were 

*  Wohler,  Pogg.  Ann.,  vol.  xliii,  691. 

JLudwig,  Sitzungsberichte  der  k.  Akad,  Vienna,  I,  vol.  Iv,  446,  1867. 
Plattner,  Pogg.  Ann.,  yoI.  Ixvii,  127,  1849. 
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investigated,  all  of  which  showed  the  same  abnormal  behavior. 
The  outer  shell,  2mm.  in  thickness,  on  all  the  planes,  was  neg- 
ative, while  the  kernel  was  always  positive.  If  2mm.  of  the 
exterior  be  filed  away,  the  —  shell  passes  gradually  into  the  -I- 
kemel;  all  fracture  surfaces  are  in  the  same  way  -h. 

In  one  and  the  same  crystal,  then,  we  find  this  change  of 
sign.  Such  a  case  especially  in  the  orthorhombic  system  does 
not  allow  of  hemihearism  being  assumed  as  an  explanation. 
Taking  into  consideration  the  great  variation  in  the  specific 
gravity  between  the  exterior  and  interior  portions,  as  shown  by 
our  determinations,  it  is  fair  to  conclude  that  the  change  of  i 
depends  upon  some  change  in  the  composition.  What  this 
change  was  we  were  not  in  a  position  to  determine.  The 
blowpipe  beads  from  the  outer  and  inner  portions  (CoFe)As,, 
obtained  in  the  usual  manner,  were  both  negative.  Their  per- 
centage of  cobalt  was  almost  the  same ;  one  experiment,  for 
example,  gave  approximatelv  19*5  per  cent  Co.  The  varia- 
tions are  consequently,  in  all  probaoility,  caused  by  the  ele- 
ments Fe,  S,  as  m  danaite. 

It  was  a  matter  of  great  regret  to  us  that  we  were  unable  to 
obtain  for  investigation  any  of  the  glaucodot  from  Chili.  The 
analysis  of  this  species  is  placed  in  the  above  table,  as  the  com- 
parison of  two  analyses  shows  the  possibility  of  the  variation 
m  Fe  just  mentioned.  In  the  glaucodot  from  Chili  the  rela- 
tion of  Co  to  Fe  is  2:1 ;  in  that  from  Hakansbo  5:4.  It  is  evi- 
dent from  the  specific  gravity  that  the  analysis  *  of  the  glauco- 
dot from  Hakansbo  was  made  from  a  fragment  containing 
both  shell  and  kernel. 

An  observation  of  Tschermakf-  adds  plausibility  to  this 
hypothesis  of  a  variation  in  the  amount  of  Fe.  He  describes 
crystals  of  cobaltite  imbedded  in  the  outer  portion  of  a  crystal 
of  glaucodot  In  the  transition  from  glaucodot  to  cobaltite, 
the  elements  Fe  and  Co  are  alone  involved,  and  then  only  in 
their  relative  proportions,  thus: 

As  S  Go  Fe 

Glaucodot         44-0         19*8         16  0         19-3         Ludwig  1.  c. 
Cobaltite  43-4         20*8         331  3-2         StromeyerJ 

E.   Galenite, 


G= 


Sardinia 
granular. 

4- 

7-428 


Harz, 
England. 


Pribram 
crTstals. 

7-675 


KobeUite 

PbeBiaSbsS,, 
0 


*  An  analyBis  by  y.  Kobell  agrees  completely  with  the  former. 

JTschermak,  Sitzungsb,  d.  k.  Akad.  Vienna,  voL  ly,  449,  1867. 
Stromeyer,  Schweigg.  J.,  yol.  xiz,  336. 


No.  eiTStali  Investigated. 

49 

+ 

242 

— 

82 

+ 
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The  zkz  varieties  are  distinguished  here,  as  in  all  other  cases 
mentioned,  by  their  specific  gravity.*  For  the  sake  of  com- 
parison, kobellite  has  been  added ;  in  it,  the  negative  charac- 
ter of  the  lead  and  bismuth  is  neutralized  by  antimony.  What 
part  the  admixture  of  Sb,  As  and  Ag  play  in  galenite  is  uncer- 
tain. We  note  here  that  we  found  bismuthinite  to  be  —  but 
boulangerite  0. 

F.   CobaUite. 

Over  four  hundred  and  eighty  crystals  of  cobaltite  were  in- 
vestigated :  of  these,  the  majority  were  negative,  corresponding 
to  the  excess  of  the  elements  Co  and  As :  only  a  quai*ter  of 
them  were  positive.  The  crystals  themselves  are  homogeneous 
and,  unlike  those  of  glaucodot,  show  no  diflference  between 
shell  and  kernel.  The  following  are  the  observations,  arranged 
according  to  crystalline  form. 

Cube         prominent 
Octahedrons      *' 
Pyritohedrons   " 

"  «  20  — 

Cube,  octahedron  and    )   116  — 

pyritohedron  combined  )     24  + 

Rose  regarded  the  db  character  in  this  species  as  dependent 
upon  the  right  or  left  hemihedrism.  A  proof  to  the  contrary, 
from  the  consideration  of  the  crystalline  form,  is  not  possible, 
as  the  proof  itself  lies  in  the  supposition.  It  is  of  more  im- 
portance, therefore,  to  ask  whether  all  crystals  are  of  the  same 
composition.  All  cobalt  compounds  contain  iron  to  a  varying 
extent  If  the  other  constituents  are  constant,  the  specific 
g^ravity  must  increase  with  the  percentage  of  cobalt ;  the  den- 
sity of  cobalt  is  greater  than  that  of  iron.  With  this  in  mind, 
it  is  intelligible  that  for  glaucodot  we  have  G=60,  for  cobalt- 
ite G=6*8  (mean  value,  compare  analyses  above). 

This  consideration  led  us  to  determine  the  specific  gravity  of 
a  very  large  number  of  the  crystals  of  cobaltite  whose  electri- 

*  In  coiisideration  of  the  high  values  of  the  epeciflc  gravity,  it  is  perhaps  desir- 
able for  us  to  mention  our  method  of  determination.  We  had  at  our  disposal 
two  balances :  a  balance  made  by  Kusche  in  Vienna  (maximum  load  two  grams),  in 
the  Mineral  Cabinet ;  and  ano&er  made  by  Oertling  (maximum  load  60  grams), 
private  property  of  Schrauf.  We  avoided  the  use  of  a  pygnometer,  and  f^opted 
in  preference  the  method  of  two  direct  weighings  in  air  and  water.  All  our 
determinations  correspond  to  a  mean  temperature  of  17 ''-20°  G.  The  agreement  of 
the  single  observations  leaves  little  to  be  wished  for ;  we  mention  some  direct 
results  {not  the  mean  of  several  trials)  with  the  weight. 

Variety  A.        Total  0*64  Gr.,  G=7-430 

6-96    "  "     7*426 

VariefyB.  0-45    "  "    7-570 

1014   "  "     7-677 
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cal  characters  had  been  tested.    We  give  the  result  in  a  number 
of  individual  cases. 


Gz=6-376  Octahedron       6*0721 
6-370  Oct.  6-934 

6-366  Oct.  Tunaberg  6-046 


6-341  Pyr.,  Oct. 
6-442  Cube  Pyr. 
6-387  Oct.  Pyr. 


ExoeptioDfl. 

+ 
6-411  Cube 

6-416  Cube,  Pyr. 

Cube  alone 

'  from  Tunaberg 


6-010 

6-927 

6-905 

6-161 

6-160 

6*216  I  Pyritohedrons  from 

6-263  I  Hakansbo 

6-208  i  Pyr.  from 

6-266  J  Tunaberg 

6-984     Pyr.  from  Skutterud. 

These  figures  agree  essentially — to  80  or  90  per  cent 


-with  our 


preceding  conclusions,  that  the  crystals  rich  in  cobalt  are  nega- 
tive and  have  a  higher  specific  gravity.  We  may,  however, 
with  more  certainty  conclude  that  the  octahedrons  are  negative 
and  have  G>6-30,  while  the  cubes  are  positive  and  have 
G<6-1;  the  pyritohedrons  vary  in  sign  ±,  and  have  G>6-1. 
We  found  also  two  exceptions  in  the  density,  which  we  place 
beside  the  others  without  attempting  an  explanation  by  the 
suggestion  of  a  possible  admixture  of  nickel. 

G.  Sulphides  of  Iron. 

The  important  work  of  G.  Rose  has  directed  especial  atten- 
tion to  this  species.  On  page  258  we  have  already  given  some 
results,  which  we  obtained  under  the  supposition  of  some  es- 
sential connection  between  form  and  electrical  character.  A 
few  observations  are  here  added  which  relate  especially  to  the 
chemical  composition. 


Salphld  of  Iron, 
artificial. 

+ 

Flight^' 


Marcasite. 

+ 
G=4-83 


Pyrite. 


G=6-019  Elba 
=6-020  Piedmont 
=6-195  polished 
crystals.     Zephar.\ 


+ 
G=4^r6  )  Cubes 

=4-941  J  Devon. 

=4-992     Cube 

=4-998     Turinsk. 


Among  the  very  large  number  of  crystals  we  were  able  to 
in\  •  sti_ate,  we  found  only  a  few  which  over  the  whole  surface, 
as  ^^  ell  as  in  the  interior,  were  homogenous  •¥.%  This  will  ex- 
plain the  small  number  of  determinations  of  specific  gravity. 

♦  Flight,  Ann.  Chem.  Phaim.,  vol.  cmvi 

tZetharoyichf  Dana  Min.,  1870,  p.  63. 
The  majority  of  the  crystalB  oi  pyrite  are  negatiye. 


Properties  of  some  Minerals  and  their  varieties.  267 

The  abnormally  low  density  of  the  cubes  from  Devonshire 
suggests  that  they  may  be  altered  material,  pseudomorphs  of 
marcasite  after  pyrite.  The  mineralogical  habit  is  still  tnat  of 
pyrite,  but  the  polish  of  the  planes  is  gone.  Some  4-  spots 
upon  other  ■—  crystals  would  perhaps  have  a  similar  explanation. 

The  higher  specific  gravity  oi  pyrite  in  comparison  with 
marcasite,  and  its  —  character  (marcasite  -f ),  and  its  crystalline 
form  resembling  that  of  cobaltite,  may  possibly  all  have  the 
same  cause,  viz:  the  admixture  of  Cu,  Ni,  Ag,  Au,  which 
gives  pyrite  its  metallurgical  value.  The  ifc  varieties  of  FeS^ 
are  also  distinguished  by  their  density.  We  do  not  venture  to 
draw  any  further  conclusions  from  these  scanty  observations. 

5.  By  the  preceding  investigations,  the  fact  has  been  estab- 
lished that  all  dr  varieties  of  minerals  are  distinguished  also  by 
their  specific  gravity.  It  is  remarkable  that  for  tetradymite, 
glaucodot,  skutterudite,  galenite,  cobaltite  and  pyrite  the  density 
of  the  positive  variety  is  less  than  that  of  the  negative  variety. 
We  simply  mention  this  fact  without  wishing  to  establish  any 
dependence  of  the  thermo-electricity  upon  the  density  in  general, 
the  specific  gravity  having  been  taken  by  us  as  merely  an  in- 
direct method  of  arriving  at  the  chemical  composition.  The 
influence  of  the  form  upon  the  density  we  have  attempted  to 
exclude  by  making  our  comparisons  only  with  varieties  having 
the  same  structure,  comparing  crystals  with  crystals,  massive 
specimens  with  massive.  The  effect  of  the  temperature*  was 
also  eliminated  so  far  as  possible. 

With  reference  to  the  influence  of  the  form  upon  the  thermo- 
electricity we  may  remark  in  conclusion :  The  investigations  of 
alloys  of  SSe,  of  BiS,  of  the  oligoclase  feldspars,  of  (KaNa),SO^ 
has  shown  that  the  crystalline  form  does  not  change  with  the 
composition  by  regular  gradations,  but  rather  by  abrupt  leaps, 
and  consequently  remains  identical  within  certain  limits  of 
chemical  variation.  The  density,  optical  properties,  and,  as 
we  regard  it,  thermo-electricity  give  a  sharper  indication  as  to 
identity  or  diflerence  of  matenal,  than  tne  crystalline  form. 
Before  establishing  relations  between  the  form  and  thermo- 
electricity, it  must  first  be  shown  that  the  material  in  hand  is 
identical. 

Our  observations  have  demonstrated  that  in  some  cases  the 
change  in  thermo-electrical  character  corresponds  to  a  change  in 
the  chemical  composition,  and  always  to  an  alteration  in  the 
density. 

*  On  the  influence  of  temperature,  compare  note  1,  p.  261.  It  maj  be  men- 
tioned in  addition,  that  a  change  in  density  must  also  accompany  the  change  of  ± 
in  the  case  of  iron  at  an  elevated  temperature. 
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Abt.  XXIIL — On  the  Possible  Periodic  Changes  of  the  Sun^s 
Apparent  Diameter ;  by  SiMON  Nkwcomb  and  Edwabd  S. 
Holden. 

The  question  whether  the  sun's  apparent  diameter  is  subject 
to  any  changes  which  can  be  detected  by  observation,  is  one 
which  has  frequently  engaged  the  attention  of  investigators. 

In  1809,  von  Lindenau  examined  the  Greenwich  observa- 
tions of  the  sun,  from  1760  to  1765  and  from  1765  to  1786, 
and  he  was  led  to  the  conclusion  that  the  sun  was  an  elUpsoid 
with  a  compression  of  ^j^  ^jiz  (Zach,  Monat  Oorr.,  1809,  June). 

Bessel,  in  the  following  number  of  the  same  journal,  showed 
that  a  progressive  shifting  of  the  frame  which  held  the  reticle 
of  the  Greenwich  transit  instrument  would  account  for  the 
periodicity  in  the  observed  values  of  the  solar  diameter,  and 
since  that  time,  the  generally  accepted  conclusion  has  been, 
that  the  figure  of  the  apparent  solar  disc  was  circular  and  its 
diameter  constant 

In  Gould's  Astron.  Journal^  iii,  p.  97,  Winlock  has  given  a 
discussion  of  the  Greenwich  observations  of  Bradley,  and  in 
the  course  of  the  investigation  the  varied  personal  errors  of 
various  observers  are  obtained  for  the  first  tima 

It  is  to  be  noted,  moreover,  as  a  point  in  the  history  of  this 
question,  that  Bianchi  (Astr.  Nach,  No.  218,  bd.  ix,  col.  866) 
rediscussed  this  subject  (1881),  apparently  without  a  knowledge 
of  Lindenau's  research,  and  that  he  found  the  solar  compres- 
sion to  be  ^iif.  By  different  combinations  of  his  data,  he, 
however,  obtained  values  for  this  quantity  varying  from  y^'^j 

to  TTl^- 

Le  Verrier  {Annates  de  VOhs,  de  Paris^  tome  iv**™*,  p.  69) 
also  examined  this  question,  and  by  a  process,  which  he  merely 
indicates,  arrived  at  the  conclusion  that  no  real  variation  in  the 
sun^s  diameter  so  great  as  0"*02  was  likely  to  exist 

Since  that  time  the  question  has  not  been  directly  discussed 
until  it  was  raised  by  Secchi,  whose  observations  and  conclu- 
sions have  lately  received  thorough  and  searching  examination 
by  Auwers  {Awnatsberichte  der  k,  Akademie  der  Wissenschnften 
zu  Berlin^  May,  1878).  As  the  date  of  this  is  so  recent  we  shall 
merely  refer  to  it  in  passing,  calling  attention  also  to  certain 
papers  by  Respighi  and  Secchi  in  the  Comptes  Rendus,  1878. 

In  the  Vierteljahrschrijl  of  the  German  Astronomical  Society, 
January,  1873,  Wagner  has  given  a  discussion  of  some  of  his 
own  transit  observations,  which  show  that  the  state  of  the  sun's 
image  as  to  sharpness  or  goodness  of  definition  has  a  direct  in- 
fluence upon  the  observed  value  of  the  diameter. 


Cha/nges  in  the  SurCa  apparent  Diameier,  269 

That  is,  if  with  Wagner  an  observer  assigns  a  weight  to  each 
observed  transit  of  the  sun,  this  weight  expressing  the  goodness 
of  the  image  as  to  steadiness  and  definition,  it  will  be  found 
that  each  class  of  observations  so  defined  will  give  a  diameter 
peculiar  to  itself,  and  differing  in  a  constant  way  from  the 
diameters  deduced  from  the  other  classes.  Dr.  Gvld6n  has 
found  the  same  thing  to  be  true  of  observations  oi  the  sun's 
vertical  diameter  made  with  the  Pulkowa  vertical  circle,  and 
Dr.  Becker  of  Neuchatel  corroborates  Wagner's  results  for  hori- 
zontal diameters.  We  shall  have  occasion  to  revert  to  Wag- 
ner's statement,  and  to  show  that  the  observations  of  both 
diameters  made  at  Washington  in  the  years  1866  to  lb70  en- 
tirely confirm  it 

The  great  importance  of  the  conclusions  drawn  by  Secchi 
from  his  observations  has  induced  us  to  test  them  by  a  method 
different  from  those  of  Auwers  and  Wagner.  The  difficulty 
which  besets  this  entire  subject  is  to  distinguish  between  actual 
variations  of  the  sun's  diameter  and  errors  of  observations. 
When,  like  Auwers,  we  take  a  number  of  series  of  observations 
extending  over  a  considerable  period,  we  find  with  great  proba- 
bility that  there  is  no  considerable  variation  with  a  period 
varying  between  several  weeks  and  a  year.  But  the  number 
of  observations  is  so  small  that  entire  certainty  with  respect  to 
small  variations,  and  especially  with  respect  to  variations  having 
a  period  of  only  a  few  aays,  cannot  be  attained  by  this  methoa 
W  hether  we  take  the  mean  by  days  or  by  months,  we  shall 
find  the  mean  results  for  different  days  and  different  months 
to  be  different,  and  it  will  always  be  impossible  to  say  that 
these  differences  are  wholly  due  to  errors  of  observation. 

There  is  another  way  of  considering  the  subject  by  which  we 
may  hope  to  attain  greater  certainty.  Suppose  we  have  two 
series  of  observations  of  the  sun's  diameter  made  simultaneously 
at  two  different  observatories,  so  that  each  observation  of  the 
one  series  is  accompanied  by  a  simultaneous  one  of  the  other 
series.  Then,  if  the  outstanding  difference  between  each  mea- 
sure, and  the  mean  of  the  whole  series  to  which  it  belongs,  is 
due  entirely  to  the  accidental  errors  of  observations,  there  will 
be  no  relation  between  the  differences  of  the  two  series.  But, 
if  a  portion  of  the  difference  is  due  to  an  actual  change  in  the 
sun  itself,  the  differences  which  are  positive  in  the  one  series 
will  be  accompanied  by  a  preponderance  of  positive  differences 
in  the  other  series.  For  on  the  days  when  the  sun  is  larger 
than  the  average,  the  probability  of  finding  a  positive  correc- 
tion will  be  more  than  i  at  each  observatory,  and  hence  the 
probability  of  an  agreement  of  sign  will  be  greater  than  ^.  If 
the  probability  in  each  case  be  i+«,  it  is  easy  to  see  that  the 
probability  oi  an  agreement  will  be  J  4- 2a'. 
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Our  results  should,  however,  depend,  not  on  a  simple  enumera- 
tion and  comparison  of  the  signs  of  the  residuals,  but  also  on 
the  magnitude  of  the  latter,  and  we  may  secure  this  dependence 
by  taking  the  algebraic  product  of  each  residual  of  the  one 
series  by  the  corresponding  one  of  the  other.  If  the  residuals 
are  purely  accidental,  the  mean  value  of  these  products  should 
approximate  to  zero  as  the  number  of  observations  is  increased, 
while  in  the  case  of  actual  variability  it  will  approximate  to 
some  positive  limit  Let  us  investigate  exactly  what  this  limit 
will  be. 

If  we  have  two  determinations  of  any  quantity,  each  affected 
by  a  common  but  unknown  error  s,  ana  also  oy  independent 
accidental  errors  r  and  r',  whose  law  of  probability  is  that 
usually  assumed  in  the  method  of  least  squares,  so  that  the 
total  errors  of  the  two  determinations  are  s  +  r  and  5  +  ^ 
respectively ;  and  if  an  infinite  number  of  pairs  of  determina- 
tions are  made;  it  is  required  to  find  the  mean  value  of  the 
product  {s  4-  r)  (5  -h  r'). 

If  the  measure  of  precision  of  the  determinations  is  put 
equal  to  unity,  the  probability  that  any  error  of  one  observa- 
tion of  a  pair  will  fall  between  the  limits  s-\-r  and  s+r+dr  is 

the  probability  that  the  error  of  the  other  observation  of  the 
pair  will  fall  between  the  limits  5-f  r'  and  5-f  r'-f  dr'  is 

1  -r'r' 

— .«.  dr\ 


The  probability  of  the  combination  is  therefore 

1       ^■'TT      —  rV 
—  .  6         .  e  .  <fr .  dr. 

n 

This  probability  multiplied  by  the  product  of  the  errors  is 

1  '^  rr  '—f^r^ 

—  ,{8-\-r)e        (8+r')e  dr.dr*. 

7t 

The  mean  value  of  the  product  required  is  the  sum  of  all 
these  products,  as  r  and  r'  each  varies  independently  from  +  00 
to  — 00,  or  the  double  integral 

~y       J   {8^-r)e'^'^'^{8-\-r')e^^^ .dr.dr\ 

-  00       -  00 

Integrating  first  with  respect  to  r'  we  find 

J     {8+r)e'"''''' dr'=z8.J  6 ~'"' '"W  =  a VT- 

-  00  -  00 
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The  double  integral  therefore  becomes 

^  +00  ^ 

The  mean  value  in  question  is  thei'e/are  equal  to  Oie  square  of  s. 

To  apply  this  method  to  the  case  in  question  we  should  have 
two  series  of  observations,  each  sufficiently  long  and  numerous 
to  eliminate  every  source  of  personal  and  systematic  error. 
Being  unable  to  find  at  hand  two  series  sufficiently  extended, 
made  nearlv  on  the  same  meridian,  we  have  taken  for  compari- 
son the  observations  made  at  Greenwich  and  Washington 
during  the  years  1862-1870  inclusive.  The  difference  of  me- 
ridian, five  hours,  will  prevent  the  detection  of  any  inequality  of 
which  the  period  is  less  than  a  day,  while  one  with  a  period  of 
six  months  or  a  year  will  be  confounded  with  errors  of  observa- 
tion having  that  same  period,  which  probably  arises  from  at- 
mospheric condition.  But,  an  inequality,  either  regular  or 
irregular,  of  which  the  period  ranges  between  a  day  and  a  half 
year,  will  admit  of  complete  detection  by  the  proposed  com- 
parison. 

All  the  Greenwich  observations  which  we  have  used  were 
made  with  the  transit  circle :  from  January,  1862,  to  January, 
1866,  the  Washington  observations  were  made  with  the  Ertel 
transit  and  the  Troughton  mural  circle;  after  this  date  the 
Pistor  and  Martin's  meridian  circle  was  alone  used  for  this 
purpose. 

Ihe  method  of  observation  at  each  place  is  well  known,  and 
it  only  remains  to  be  said  that  all  transits  were  registered  by 
chronograpL     The  observations  are  distributed  as  follows: 

No.  of  ObtenrftUoDB. 
H.  D.  V.  D. 

Greenwich      1862-1870:         832  906 

Washington   1862-1866:         491  430 

"  1866-1870:         490  491 


1813  1826 

Many  observers  were  employed  in  this  work,  and  it  was  first 
necessary  to  make  the  observations  homogeneous  by  subtract- 
ing from  each  separate  '*  apparent  error  of  Epliemeris  diam- 
eter*' the  "personal  error  of  the  observer."  These  last  errors 
were  assumed  to  be  constant  throughout  a  year,  and  were  deter- 
mined by  isolating  the  work  of  each  observer  for  each  year  and 
by  fixing  the  mean  *' apparent  error  of  Ephemeris  diameter" 
given  by  his  observations,  which  was  called  the  **  adopted  per- 
sonal error "  of  that  observer  for  that  year.  In  some  cases 
some  slight  changes  from  this  rule  have  been  allowed,  but  the 
following  tables  are  believed  to  represent  each  observer's  habit 
as  well  as  possible  from  the  data. 
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The  next  step  in  the  process  is  to  snbtract  from  the  apparept 
error  of  epiieiiieris  diameter  given  ty  each  observation  the 
adopted  personal  error  of  the  observer  of  that  ciny  thus  form- 
ing a  senes  of  residuals  for  observations  both  of  horizontal  and 
vertical  diameter  at  botli  Washington  and  Greenwich. 

TLe  mean  monthly  residuals  for  each  month  of  each  year 
were  then  formed  ana  these  are  given  in  the  following  table : — 
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The  corresponding  data  for  Washington  are  given  below. 

These  monthly  means  show  a  decided  period  which  is  proba- 
bly caused,  as  Wagner  has  shown,  by  atmospheric  influences. 
Am.  Joro.  Soi,- TaiBD  Simbb,  Vol.  Vin,  Vo.  46.— Oct.,  1874. 
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In  order  to  test  this  all  the  Washington  observations  with 
the  transit  circle  made  from  Jamiary,  1866,  to  January,  1870 
(during  which  time  it  was  the  practict;  to  assign  weights  to 
observations),  were  divided  into  classes  according  to  their 
weights.  An  observation  with  weight  5  denoted  that  the  image 
of  uie  sun  was  steady  and  well-defined ;  a  weight  1  denoted 
unsteadineaa  in  the  extreme,  and  bad  definition.  Observer  "B." 
by  a  misapprehension,  assigned  weights  by  a  different  rule  and 
his  work  is  accordingly  omuted  from  thf  present  iiivcstigatinn. 
The  following  table  shows  the  jnean  "  apparent  error  of  epbem- 
eris  "  (corrected  of  course  for  personal  error).  The  figures  in 
the  varioua  oolumna  are,  as  stated,  mean  appareat  errors  of 
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lemeris,  and  the  small  figures  below  them  show  the  number 
observations  upon  which  each  number  depends. 


[n  Winer's  paper,  above  referred  to,  sufficient  data  are  given 
allow  his  work  to  be  treated  in  a  like  way,  and  his  observa- 
Qs  give  when  so  treated  the  following  results,  which  agree,  in 
leral,  with  the  figures  in  the  above  table. 


i*ulkowa  Class      IV. 

iv-m. 
in-iv. 

IIL 


-0-065  Wash.  Weight  2-3 

-  0-020  " 

-0-002  "                    8 

+0-029  "                 3-4 


-  0063 

+0-027 
+0-180 


though  the  weights  of  Washington  observations  were  as- 
ned  by  as  many  as  six  or  seven  oifierent  observers,  each  by 
lifferent  standard,  the  agreement  between  the  resulting  errors 
ephemeris  diameter  at  Washington  and  Pulkowa  is  evident, 
regard  to  sign  at  least. 

To  show  how  rough  a  division  of  sun  observations  according 
state  of  image  will  exhibit  the  eflFect  of  good  definition  upon 
J  deduced  values  of  diameter,  we  further  divided  the  Wash- 
;ton  observations  into  two  classes :  class  1  comprises  those 
nervations  made  when  the  cloudiness  of  the  sky  was  0 ;  class 
omprises  those  made  when  the  cloudiness  ranged  from  5  to 
(o=clear  sky,  10=a]l  overcast)  These  numbers  0-10 
re  but  the  rough  estimates  of  the  three  watchmen  of  the 
»rvatory,  made  at  noon  :  and  yet  the  following  table  shows 
>ngly  the  eflFect  of  the  cloudiness  upon  the  diameter  deduced 
m  observation. 


Horlsontol  Diameter. 
Tear.  Cloud=0:    Cloud  6-10. 


Vertical  Dluneter. 
01oud= 0 :    Cloud  6-10. 


1867  —0-033  +0-012  —0-45  +0-35 

1868  -0-047  +<>-<>30  —1-45  +045 

1869  0-000  +0-039  +0-76  +0-11 

1870  -0-093  +0-014  -0-70  —0-44^ 

Phe  numbers  in  the  various  columns  iare  again  the  n^ean  ap- 

ent  errors  of  ephemeris  diameter  (corrected).     The  cause  of 

periodicity  in  the  monthly  means  being  now  understood,  it 

lained  to  free  the  separate  residuals  from   periodic  error, 
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which  was  done  by  the  application  of  corrections  derived  from 
the  following  formulae  : — 

For  HorlxonUl  Olametar. 

Greenwich       1862-70:  —  0»-023  cob^— 0*-006  sin^— O'-Oia  cob2^ 

-O'-Oll  sin  2^. 
Washington    1862-^6  :  +0»-008  cos  ^— O'OIO  sin 6. 
"  1866-70  :  -j-O'-OOl  cos  ^-0»-019  sin^. 

For  Vertical  Diameter. 

Greenwich       1862-70 :  — 0"-47  co8^--0"'18  sin  ^-0"-07  cos  2^- 

0"-12  sin  2  ft 
Washington    1 862-65  :  +0"-09  cos  ^+0"-21  sin  ft 
"  1866-70:  — 0"-09  cos  ^+0"-02  sin  ft 

Each  residual  error  of  epbemeris  diameter  (diminished  by  the 
corresponding  personal  error)  was  now  farther  corrected  by  the 
application  of  a  correction  derived  from  the  above  formulae,  and 
a  series  of  residuals  formed.  Whenever  a  Washington  and  a 
Greenwich  observation  were  made  on  the  same  .day,  the  corre- 
sponding corrected  residuals  were  multiplied  together,  and  the 
sums  of  these  products  were  tabulated  as  below. 


Year. 

Sums  of 

Pboduots. 

NUMBIB  OF  OOBBBSPOllDIire 
OBSSBYATIOXraL 

Hor.  Diam. 

Vert  Diam. 

Hor.  Diam. 

Vert  Diam. 

1862 

—0-0492 

-19-69 

33 

1 
1 

24 

63 

+0*0007 

-    2-10 

40 

25 

64 

—  00185 

—  12-55 

44 

24 

65 

+0-0094 

+  13-87 

49 

41 

66 

+00151 

+    7-20 

48 

54 

67 

-0-0364 

-    8-41 

81 

28 

68 

+0-0122 

+    2-67 

37 

39 

69 

+0-0433 

+   6-73 

6 

11 

1870 

-  0-0843 

—  10-86 

25 

25 

2 

-0-1077 

-23''-14 

313 

271 

We  see  by  this  table  that  there  is  a  decided  preponderance  of 
negative  products.  This  result  seems  conclusive  against  the 
assumption  of  any  sensible  variability  of  which  the  period, 
regular  or  irregular,  lies  between  one  day  and  six  montns.  In 
fact,  if  we  regard  the  preponderance  as  due  not  to  chance,  but 
to  some  systematic  tendency,  it  would  show  that  the  greater 
diameters  at  Greenwich  corresponded  to  the  smaller  ones  at 
Washington,  and  vice  versa:  a  result  which  could  arise  only 
from  a  tendency  to  vibrations  of  short  period,  probably  not 
diflfering  much  from  10  hours.  We  are,  nowever,  inclined  to 
attribute  this  result  to  chance.     The  mean  value  of  the  prod- 


O.  B.  Orant — New  Oalcuiating  Machine,  277 

net  of  two  residuals  is  about  •007  in  horizontal  diameter,  and 
1"'5  in  vertical  diameter.  In  the  number  of  products  added 
up,  the  accidental  accumulations  of  products  of  one  sign  might 
very  well  amount  to  15  times  this  mean,  while  the  sums  for  the 
individual  years  are  not,  on  the  whole,  materially  greater  than 
would  arise  from  chance  accumulation.  Were  it  not  so,  the 
most  remarkable  feature  of  the  table  would  be  the  correspon- 
dence of  sign  between  the  sums  of  residuals  of  vertical  and 
horizontal  diameter  for  each  year,  which  we  could  not  expect 
more  than  10  times  in  512=2*  trials.  This,  if  not  accidental, 
would  indicate  that  during  some  years,  1864  and  1870,  for 
instance,  there  was  a  tendency  to  a  ten  hour  vibration  of  the 
solar  diameter.  From  what  lias  been  said,  we  are  not  author- 
ized to  attribute  this  correspondence  to  anything  but  chance. 


Abt.  XXIV. — A  New  Calculating  Machine ;  by  George  B. 

Gbant. 

"Since  the  dawn  of  mathematical  science  in  Europe,  the 
attempt  to  construct  a  machine,  capable  of  satisfactorily  per- 
forming arithmetical  operations,  has  occupied  the  attention  of  a 
great  number  of  ingenious  men,  several  of  whom  have  been 
among  the  most  celebrated  of  their  time  for  originality  of 
genius  and  for  the  large  contribution  which  they  have  made  to 
the  progress  of  science."* 

Leaving  out  of  mention  the  Greek  abacus  and  the  Chinese 
sehwan-pan  of  ancient  times,  the  first  recorded  attack  on  this 
difficult  problem  was  made  in  the  tenth  century  bv  Gerbert, 
Chancellor  of  France  and  afterward  Pope  under  the  title  of 
Sylvester  11.  He  is  credited  with  the  introduction  into  Europe 
of  the  arabic  numerals,  and  endeavored  to  construct  a  mechan- 
ism to  facilitate  their  use.  But  of  his  results  we  have  no  pub- 
lished account 

The  first  successful  device  was  the  invention  of  John  Napier, 
celebrated  for  his  invention  of  logarithms.  His  "rhabdology," 
or  as  they  are  better  known,  **  Napier's  bones,"  can  hardly  be 
classed  as  mechanism,  and  they  are  too  well  known  to  need 
description  here. 

The  first  actual  machine  of  which  we  have  detailed  informa- 
tion was  the  invention  of  no  less  a  man  than  Blaise  Pascal,  the 
distinguished  philosopher  of  France,  who  in  1645  published  an 
account  of  his  "arithmetical  machine,"  on  the  invention  of 
which  he  had  spent  several  years. 

^  President  Barnard  of  Columbia  College,  in  the  U.  S.  Reports  of  the  Exposition 
of  1867.    "  The  Indostrial  Arts  and  Exact  Sdenoes."    Harper  &  Brothers.    Netic 
1867. 
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PASCUL  B  itAosm. 


The  diagram,  &g.  1,  will  illustrate  Pascal'a  design  sufficientlj 
for  the  purposes  of  this  article.  A  horizontal  wheel  having 
ten  teeth  turns  in  an  opening  in  the 
fixed  upper  plate  of  the  machine, 
and  about  the  openii^  are  the  ten 
numerals.  A  pencil  placed  be- 
tween the  teeth  at  any  number  aod 
brought  round  to  the  stop  will  turn 
the  wheel  through  that  number  of 
teeth  and  recora  it  on  the  large 
figured  cylinder.  The  cylinder  is 
provided  with  two  rows  of  figures 
complementary  to  each  other,  so 
that  the  result  is  addition  or  sub- 
traction, according  as  we  read  by 
one  row  or  the  other.  Carriage 
was  accomplished  by  mechanism 
on  the  shaft  of  the  cylinder,  which 
forced  the  next  cylinder  forward 
one  figure  whenever  its  own  passed 
from  9  to  0 

Pascal's  machine  was  not  a  success,  for  though  correct  in 
theory  it  was  so  complicated,  delicate,  uncertain,  and  limited  in 
its  operations,  that  it  was  practically  useless.  But  the  principles 
of  its  action,  particularly  the  toothed  wheel,  fixed  figured  arc 
and  stop,  and  the  complementary  rows  of  figures,  have  appeared 
in  most  subsequent  machines,  and  have  been  patentCKT many 
times  as  new  both  in  this  country  and  in  Europe, 

Without  giving  a  complete  liistory  of  the  subject,  I  can  men- 
tion the  names  of  Roger  Bacon,  Leibnitz^the  inventor  of  the 
Infinitesimal  Calculus,  Diderot,  Gersten,  and  Sir  Samuel  Mor- 
land,  as  among  those  who  have  paid  particular  attention  to  this 
subject 

The  next  attempt  resulted  in  a  substantial  success,  and  by  a 
man  otherwise  entirely  unknown.  Charles  Xavier  Thomas  de 
Colmar  patented  in  1S22  his  "arithmometer,"  a  machine  that 
not  only  solved  the  long  tried  problem,  but  solved  it  practically, 
and  which  is  now  in  use  in  lai^e  numbers  for  actual  work. 
The  able  description,  in  the  United  States  Reports  above  referred 
to,  of  this  machine  and  of  the  subject  in  general,  is  so  accessible 
to  the  public,  that  a  detailed  account  is  unnecessary  here 

Colmar's  invention  has  been  directly  or  indirectly  adopted 
by  every  inventor  who  has  successfully  appeared  id  public 
smce  his  time  The  principle  of  his  invention  is  shown  by  the 
diagram  fig.  2,  in  which  a  recording  wheel  is  in  gear  with  » 
driving  wheel  having  a  variable  number  of  teeth,  and  the 
number  added  to  the  recording  wheel   at  each  turn  of  the 
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jr  will  depend  on  the  number  of  teeth  exposed.    Oolmar 
d  his  number  by  placing  nine  rows  of  teeth  side  by  side, 


2. 


Beoording  wheeL 


Driving 
wheel 


OOLKAB^S  PROrOIFLB. 

dg  from  one  to  nine  teeth  each,  and  made  the  recording 
il  movable,  to  be  placed  to  gear  with  either  row  at  pleasure. 
T  inventors,  as  Staffel  of  Russia,  have  made  the  teeth  sep- 
ily  removable,  so  that  those  not  wanted  could  be  put  out 
!ar.  Another  has  hung  the  driver  on  a  movable  axis  and 
ided  means  for  meshing  the  two  wheels  at  the  proper  place 
he  desired  number  of  teeth  to  act  Still  another  spreads 
lar's  nine  rows  of  teeth  out  on  a  plane,  and  moves  the 
•ding  wheel  over  them. 

ilculating  machines  by  the  score  may  be  found  in  the  pat- 
records  of  the  United  States,  England  and  France.  Col- 
3  idea  has  been  twisted  into  every  conceivable  position,  but 
nprovement  has  been  made  on  the  disposition  ori^nally 
•ted  by  him.  And  his  machine  is  the  only  one  now  m  use, 
ly  mentionable  extent 

amar's  machine,  as  the  first  solution  of  an  old  and  well 
ied  problem,  and  as  a  specimen  of  the  mechanism  of  his 
certainly  deserves  the  highest  praisa  But  it  is  undenied 
it  is  in  a  high  degree  complicated,  a  mass  of  small  cog 
jIs  and  delicate  mechanism,  which  require  close  adjust- 
Ih,  and  which  easily  get  out  of  order,  recjuiring  the  greatest 
in  handling  and  the  best  skill  in  repairing.  The  needs  of 
present  time  require,  and  the  state  of  the  art  at  this  day 
its  of,  a  better  design,  one  that  is  simpler  and  of  more  sub- 
;ial  construction,  easier  to  put  in  order  and  easier  to  keep 
tier,  and  better  suited  for  the  use  of  those  but  little  accus- 
ed to  machinery.  And  as  such  we  will  introduce  the  sub- 
of  this  paper. 

le  New  Machine, — In  the  diagram  fi^.  3  all  framing  and 
sential  parts  are  omitted,  and  the  positions  so  arranged  as 
low  the  principle  of  action  most  clearly. 


280  Q.  R  Grant— Nao  Cakuiating  Maehint. 

Two  parallel  cylinders  are  geared  to  turn  ti^ether.  One 
cylinder  ia  larger  than  the  other,  but  the  gears  are  equal,  bo 
that  one  turn  of  the  handle  on  the  laxger  revolves  both  once. 
The  lai^er  cylinder  slides  laterally  on  its  arbor,  and  can  be 
placed  opposite  any  part  of  the  smaller  at  pleasure. 


On  the  small  cylinder  are  a  number  of  recording  wheels, 
more  or  less  according  to  the  capacity  desired.  Each  is  pro- 
vided with  thirty  teeth,  and  a  numeral  is  stamped  at  each  tooth. 
A  fixed  point,  R,  is  chosen  as  the  reading  point,  and  the  number 
shown  at  any  time  at  that  point  is  the  reading  of  the  wheel 

On  the  large  cylinder  are  a  number  of  driving  wheels,  each 
having  an  adding  pin,  P,  which  can  be  fixed  in  ten  different 
positions  by  the  pin  at  r. 

On  a  bar  between  the  cylinders  is  a  row  of  fixed  spring  claws, 
one  for  each  recording  wheel.  If  the  claw  be  pushed  sliEhtlv 
to  one  side,  it  will  drop  off  its  catching  pin  on  to  the  wheel  and 
hold  it 

As  the  handle  is  turned,  the  recording  wheel  revolves  with 
its  cylinder,  but  when  the  adding  pin  strikes  and  lets  down  the 
claw,  it  will  be  held  still  till  the  hfter  L  is  reached,  by  which 
the  claw  is  returned  to  its  pin  and  the  wheel  allowed  to  jass 
on.  It  has,  by  being  held,  been  carried  over  a  number  of  t«eth 
from  its  original  reading,  more  or  less  according  to  the  position 
of  the  adding  pin  on  ite  cylinder.  If  the  adding  pin  is  placed 
at  its  zero  position,  it  will  come  to  the  claw  simultaneously 
with  the  lifter,  and  the  wheel  will  not  be  affected.  But  if  it  he 
placed  at  7  for  example,  it  will  reach  the  claw  seven  teeth  in 
advance  of  the  lifter,  and  the  number  seven  will  be  added  to 
the  wheel. 

The  action  between  each  wheel  claw  and  adding  pin  is  the 
same,  and  it  is  plain  that  the  number  represented  by  tne  setting 
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of  the  adding  pins  will  be  transferred  to  the  recording  wheels  at 
each  turn  of  the  handle.  If  now  the  larger  cylinder  be  set  up 
one  space,  each  pin  will  act  on  the  next  wheel  above  and  ten 
times  the  number  set  up  will  be  added. 

The  carriers  for  effecting  the  carriage  of  the  tens  are  placed, 
one  for  each  wheel,  between  it  and  the  next  one  higher,  each 
one  being  a  tooth  in  advance  of  the  preceding  one.  It  is  a 
simple  lever  fixed  on  the  cylinder  behind  the  litter,  L.  As  the 
wheel  passes  from  9  to  0,  a  stud  c  upon  it  will  strike  the  car- 
rier and  throw  it  over  slightly.  When  over,  it  is  in  the  path 
of  the  next  claw  above,  and  will  throw  it  off  so  as  to  add  one 
to  its  wheel  before  reaching  a  second  lifter. 

The  machine  as  above  described  is  complete  and  ready  for 
work,  all  that  is  essential  being  the  recoraing  wheels,  adding 
pins,  claws,  lifters,  and  carriers.  But  for  the  sake  of  convenience 
and  efficiency,  various  atttichments  might  be  added.  As  for 
instance,  a  ratchet  and  click  to  prevent  backward  motion  of  the 
handle,  a  counter  to  register  the  turns  of  the  handle,  and  for 
some  purposes  a  printing  apparatus,  to  record  the  results  of  the 
work. 

Eraser. — A  valuable  attachment  always  found  on  an  efficient 
calculating  machine  is  an  apparatus  by  which  a  result  may  be 
erased  and  all  the  wheels  brought  to  zero  at  once.  This  era- 
sure is  required  before  each  operation,  and  to  do  it  by  hand, 
one  wheel  at  a  time  would  be  tedious  and  inaccurate. 

Projecting  from  the  wheel  is  the  erasing  pin^  £,  and  fixed 
on  the  side  of  the  frame  is  the  zero  bar.  This  bar  is  com- 
mon to  all  the  wheels,  and  is  ordinarily  up  out  of  the  way  of 
the  pins,  but  when  pressed  down  will  be  in  their  path.  If  then 
the  cylinder  be  turned  backward,  each  pin  will  stop  yv^hen  it 
reaches  the  bar,  and  all  the  wheels  will  be  brought  to  zero 
simultaneously. 

The  process  by  this  machine  is  always  an  addition,  never  a 
subtraction.  But  subtraction  of  any  number  is  accomplished 
by  setting  it  up  by  the  inner  row  of  figures  on  the  adding 
wheel,  they  being  so  arranged  that  the  complement  of  the  num- 
ber set  up  will  be  used. 

The  size  of  the  machine  varies  with  its  capacity.  The  record- 
ing wheels  are  1^  inches  and  the  adding  wheels  2^  inches  in 
diameter,  and  the  distance  from  wheel  to  wheel  is  three-eighths 
of  an  inch.  A  ten-wheel  machine  would  occupy  a  box  6x6x4 
inches  in  dimensions. 

The  compound  action  of  the  claw  being  thrown  from  its  pin, 
catching  on  the  wheel,  carrying  it  along  a  definite  distance, 
rising  and  catching  again,  may  be  considered  complicated  and 
delicate.  But  the  fact  is  it  is  very  reliable :  a  poorly  made 
apparatus  has  been  worked  at  the  rate  of  10,000  operations  per 
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minute  with  perfect  accuracy.  The  object  of  having  one  cylin- 
der nearly  three  times  the  size  of  the  other  is  to  secure  this 
accuracy.  The  angular  motions  are  equal,  but  the  actual 
speed  of  the  pin  is  nearly  twice  that  oi  the  wheel,  ensuring 
that  the  claw  shall  strike  the  right  tooth  every  time,  even  2 
the  parts  are  not  precisely  in  their  proper  places. 

Operation, — Multiplication  is  accomplished  by  the  principle 
of  successive  addition  of  the  multiplicand  to  itself  nrst  used 
mechanically  by  CJolmar,  and  in  fact  the  only  practical  and 
reliable  principle  yet  proposed.  Since  the  invention  of  Napier's 
bones,  many  have  tried  to  give  them  a  more  mechanical  snape, 
and  to  use  them  in  automatic  machinery.  But  though  it  has 
been  done  in  several  ways,  the  result  has  always  been  too  com- 
plicated, clumsy  and  costly,  to  compete  with  the  theoretically 
more  roundabout,  but  practically  simpler  and  shorter  method 
borrowed  by  Colmar  from  the  mental  process. 

For  an  example  let  us  multiply  657  by  825.  The  adding 
pins  are  first  set  to  the  number  657  and  the  recording  wheek 
brought  to  zero  by  the  bar,  after  which  five  turns  of  the  handle 
will  transfer  it  five  times  on  to  the  wheels  and  5x657,  or  8,285, 
will  appear.  Then  set  the  cylinder  up  one  space,  and  two 
turns  will  multiply  657  by  2  and  add  ten  times  tne  product,  or 
18,140.  to  the  8,285  previously  shown.  Another  shift  of  the 
pins  and  three  turns  will  complete  the  operation  and  show  the 
finjtl  product  218,525  in  plain  figures.  This  result  can  be 
obtained  in  ten  seconds,  allowing  one-half  a  second  for  each 
turn  and  each  figure  set  up,  and  one  second  for  erasing  and 
for  each  shift  of  the  cylinder. 

The  larger  the  numbers  used  the  greater  the  proportional 
gain  over  mental  labor;  for  the  machine  will  add  ten  figures 
to  ten  as  quick  as  one  to  one,  while  mentally  it  would  take 
ten  times  as  long.  But  the  greatest  advantage  of  the  mechani- 
cal method  is  not  in  the  time  saved,  but  in  the  superior  ease 
and  accuracy  with  which  the  work  is  done. 

Reduction  of  Star  Places, — If  the  result  ah  of  any  multiplica- 
tion is  not  erased,  the  result  of  the  next  cd  will  be  a6-f-crf,  and 
if  either  c  or  d  are  set  up  negatively  the  result  is  ab—cd.  By 
an  attachment,  this  machine  is  peculiarly  adapted  to  work  the 
quantity  Aa+Bb+Cc+Dd-h  &c.  for  star  reductions,  where  the 
same  values  of  ABCD  or  of  (d)cd  are  used  for  a  large  number 
of  operations.  Four  or  more  fixed  quantities,  ABCD,  etc.,  can 
be  set  up  once  for  all,  and  either  one  be  quickly  brought  to  act 
at  pleasure  to  the  exclusion  of  the  others,  it  not  being  necessary 
to  set  it  up  figure  by  figure.  With  this  attachment,  reductions 
to  apparent  place  may  be  made  at  the  rate  of  two  per  minute, 
whereas  it  usually  takes  from  three  to  five  minutes  for  each 
operation. 
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Addition  and  subtraction  are  of  course  worked  directly,  but 
in  common  with  all  machines  yet  contrived,  it  oflFers  small 
advantages  over  the  common  method,  except  in  regard  to  ease 
of  execution.  For  large  work  of  four  or  more  places  it  would 
be  found  useful,  but  to  ordinary  accounts  no  machine  has  yet 
been  profitably  or  extensively  applied. 

For  division  two  different  processes  may  be  employed.  One, 
the  old  tentative  process  used  by  Oolmar,  is  nothing  but  the 
usual  mental  method  put  into  mechanical  shape.  The  other  is 
an  improvement  on  the  first,  by  which  it  is  rendered  automatic 
and  entirely  independent  of  mental  labor.  It  is  peculiar  to 
this  machine,  and  presents  the  first  solution  of  the  problem  of 
mechanical  division. 

By  the  tentative  method  we  first  set  up  our  dividend  21S526 
on  the  wheels  by  hand,  or  better,  by  transferring  it  from  the 
pins.  We  then  set  the  pins  to  our  divisor  0657,  by  means  of 
the  inner  or  negative  rows  of  figures,  taking  care  to  leave  one 
zero  in  advance  of  it  Then  place  it  up  opposite  the  135  of  the 
dividend,  and  turn  the  handle,  stopping  at  every  turn  to  observe 
the  dividend.  It  will  continually  decrease,  and  when  you  per- 
ceive that  it  is  less  than  the  divisor,  you  must  stop  and  set  the 
pins  down  one  place  before  proceeding  to  the  next  figure.  In 
the  above  case,  the  dividend  after  three  turns  will  read  16425, 
and  that  beinff  less  than  65700  the  first  quotient  figure  is  3. 
The  wheels  will  then  read  00008016425,  the  quotient  figure 
being  recorded  automatically  bj  the  machine  on  the  upper 
wheels  left  vacant  by  the  retreating  dividend. 

To  explain  the  automatic  method  we  need  to  follow  the  pro- 
cess of  continual  subtraction  a  little  more  closely. 

213525  -^^  9999343,  the  complement  of  our  divisor 

9999343     —1     ^"^^  ^  added,  the  divisor  decreases,  and  after 

"^ three  divisions  is  reduced  to  16425,  a  number 

147825  less  than  65700,  requiring  us  by  the  old  method 

9999343     —2    to  stop  and  set  down  for  the  next  figure.    And 

82125  it  is  necessary  to   watch   for  this   point,  for 

9999343     —3    mechanism  to  determine  that  16425  is  less  than 

Tjftjo^  65700  has   never  yet  been  contrived,  and  it  is 

-.         doubtful  if  a  simple  apparatus  could  be  devised 

9999343     ~4    for  that  purpose. 

999950725  But  it  may  be  observed  that  if  65700  is  sub- 

657     +1     tracted  from  16425  once  more,  that  a  negative 

TftToT         number  would  result.     And  where,  as  on  this 

machine,  a  negative  number  is  expressed  by 
its  complement,  its  mechanical  perception  is  an  easy  matter,  since 
for  such  a  case  the  upper  wheels  all  read  nine.  A  snap,  which 
will  indicate  when  the  last  wheel  stops  on  nine,  will  answer 
our  purpose,  and  warn  us  that  a  mistake  of  one  turn  has  been 
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made.  Having  made  a  mistake,  we  must  correct  it  by  adding 
our  divisor  once,  and  bring  the  dividend  back  to  a  positive 
number,  ready  to  set  down  for  the  remaining  figures. 

The  problem  of  the  calculating  machine  is  an  exceedingly 
difficult  one,  as  anyone  acquaintea  with  the  immense  labors  of 
Pascal,  Leibnitz,  Babbage  and  Scheutz  will  acknowledge. 
Pascal  speaks  of  his  invention  as  **a  work  of  some  years." 
Leibnitz,  at  the  height  of  his  fame,  devoted  four  years  to  this 
object,  and  failed  ;  Babbage  worked  from  1822  to  1842  on  his 
Difference  Engine  to  no  purpose ;  and  Scheutz  was  from  1884 
to  1854  bringing  his  macnine  to  the  partially  successful  condi- 
tion it  is  now  in.  The  machine  described  above  for  the  first 
time  is  the  result  of  nearly  four  years  of  study  and  labor. 

Cambridge,  Mass.,  July  16,  1874. 


Art.  XXV. — Researches  on  the  Hexatomic  compounds  of  Odbali; 

by  WoLCOTT  GiBBS,  M.D. 

[Oontinued  from  page  300.] 

Bromo-nitrate  of  xanthoccbalt — One  molecule  of  bromide  of 
xanthocobalt  was  mixed  with  one  of  the  nitrate  of  the  same  base, 
both  salts  being  in  solution  in  hot  water.  A  dark,  sherry -wine- 
colored  salt  separated,  after  some  hours,  in  well  defined  crystals 
In  this  salt 

0-8925  gr.  gave  0*4190  gr.  SO^CozslT'Se  per  cent  cobalt. 
0'7116  gr.  gave  0'1244  gr.  silver   =12*94  per  cent  bromine. 

The  formula Co^CNH,),  ,(N0,),(N03),Br,  reauires  17-77  per 
cent  cobalt,  and  24*09  per  cent  bromina  Tne  salt  was  re- 
dissolved  and  allowed  to  crystallize  a  second  time.  In  the  salt 
thus  obtained 

0-8538  gr.  gave  0-3984  gr.  80^00=1 7*76  per  cent  cobalt, 
0*8474  gr.  gave  0*2672  gr.  silver  =23*62  per  cent  bromine. 

These  results  leave  no  doubt  that  a  definite  bromo-nitrate, 
analogous  to  the  chloro-nitrate,  is  formed  by  direct  union  of 
the  nitrate  and  bromide.  The  salt  appears  to  be,  however,- 
much  less  stable  than  the  corresponding  chlorine  salt.  A  por- 
tion of  it  was  crystallized  a  third  time,  and  then  gave  28*04  per 
cent  of  bromine,  indicating  the  commencement  of  a  separation 
into  bromide  and  nitrate.  The  facility  with  which  the  chloro- 
nitrate  is  formed  by  the  direct  union  of  its  constituents,  led  me 
to  attempt  the  formation  of  other  new  salts  by  a  similar  procesa 
I  mixed  one  molecule  of  chloride  of  purpureocobalt,  and  one 
of  nitrate  of  xanthocobalt,  in  the  hope  of  obtaining  a  salt 
with  the  formula  Co,(NH3)io(NOj,)(N03),Cl3,  since 
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Co,(NH,)  „a,+Co,(NH,),  „(NO,),(NO,),= 
2Co,{NH,),,(NO,)(NO,),Cl,. 

After  boiling  the  mixture  with  a  little  free  acetic  acid,  the  so- 
lution deposited  on  cooling  deep  orange-red,  apparently  homo- 
geneous, crystals.     Of  these 

0'3145  gr.  gave  0-1746  gr.  S04Co=21*13  per  cent  cobalt. 
0*9203  gr.  gave  0*6080  gr.  silver   =17"99  per  cent  chlorine. 

The  formula  Oo^CNHj),  ,(NO,XN03'),Cl3  requires  2090  co- 
balt, and  18*86  per  cent  chlorina  Tne  analyses  seem  to  show 
that  a  salt  having  the  composition  given  may  exist  On  re- 
crystallization,  the  salt  was  more  or  less  completely  decom- 
posed, as  the  following  analyses  show  : 

0-212o  gr.  gave  0*1161  gr.  SO^Co=20*80  per  cent  cobalt. 
0*5933  gr.  gave  0*2470  gr.  silver  :=13*70  per  cent  chlorine. 
0*7888  gr.  gave  0*3308  gr.  silver  =13*78  per  cent  chlorine. 

These  numbers  approximate  to  those  required  by  the  formula, 
Go,(NH3),,(NOJa(N03)-Cl,.  I  attempted  in  like  manner 
to  form  salts  synthetically  oj  mixing  other  salts  in  the  propor- 
tions indicated  by  the  equations : 

Co,{NH,),.(NOa)e+Co,{NH,)..Cl,=Co,(NH,)„(NO,),Cl,. 
Co,(NH3),.(NO,),+Coa(xVH,).,(NO,),(NO,),= 

Co,(NH,).,(NO,)(NO,),. 

The  experiments  led,  however,  to  no  definite  resulta 

The  chloro-nitrate  above  described  is  the  salt  to  which  I,  at 
one  time,  attributed  the  formula 

Co,(NH3),,(NO,),Cl,+20H„ 

and  which  I  regarded  as  the  chloride  of  a  special  radical,  "  flavo- 
cobalt,"  Cog(NHj,),  ^(NOj)^.  The  mere  analyses  can  hardly 
distinguish  with  certainty  between  the  two  formulas,  and  I  was 
for  some  time  misled  by  an  erroneous  interpretation  of  my 
resulta  The  compounds  of  cobalt  containing  ammonia  and 
nitroxyl,  NO,,  have  in  general  the  same  color,  and  differ  but 
little  in  solubility,  so  that  it  is  extremely  difficult  to  separate 
them,  and  in  my  analyses  of  what  I  believed  to  be  the  sulphate 
and  nitrate  of  the  same  base,  I  had  undoubtedly  to  deal  with 
impure  salts  of  xanthocobalt  Krok*  has  described  a  salt 
with  the  formula  Co^CNHa),  ,C1(N0,),  +80H  .  There  is  no 
theoretical  reason  why  such  a  compound  should  not  exist,  but 
Krok's  analyses  do  not  appear  to  me  sufficient,  as  the  cobalt, 
chlorine  and  ammonia  only  were  determined,  and  not  the  whole 
quantity  of  nitrogen  in  the  salts.  Moreover,  it  is  not  proved 
fliat  the  salt  can  be  recrystallized  without  decomposition,  or 
that  it  forms  definite  compounds  with  metallic  chlorides. 

*  Acta  Uniyere.,  Lund,  1870. 
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As  the  chloride  and  nitrate  of  xanthocobalt  are  capable  of 
uniting  directly  to  form  the  chloro-nitrate  above  described,  it 
might  be  supposed  that  the  two  salts  are  isomorphous,  and, 
therefore,  crystallize  together  in  all  proportions.  According  to 
Pro£  Danas  measurements,  cited  in  the  first  part  of  this 
memoir,  nitrate  of  xanthocobalt  crystallizes  in  forms  belong- 
ing to  the  dimetric  or  square  prismatic  system.  Prof.  Cooke 
has  kindly  determined  the  form  of  the  corresponding  chloride, 
and  finds  that  the  crystals  are  either  trimetric  or  monoclinic. 
The  chloro-nitrate  cannot,  therefore,  be  regarded  as  a  mixture 
of  two  isomorphous  salts. 

11.  Finally,  salts  of  xanthocobalt  are  formed  by  the  action  of 
Fischer^s  salt,  Co, (NO,) ,  aK„  upon  salts  of  purpureocobalt  and 
roseocobalt  When,  for  instance,  chloride  of  purpureocobalt 
is  dissolved  in  boiling  water,  with  a  little  free  acetic  or  chlor- 
hydric  acid,  and  Co,(NOj,),,Kj  is  added,  in  small  portions  at 
a  time,  the  violet  color  of  the  salt  gradually  disappears  as  the 
boiling  continues,  and  the  solution  finally  assumes  a  fine  orange- 
brown  tint.  The  filtered  solution  gives  on  cooling  fine  crystals 
of  chloride  of  xanthocobalt,  the  reaction  being  probably  ex- 
pressed by  the  equation 

Co^(NO,),^Ke+3Co,(NH3),,Cl,=  3Co,(NH3),JNO,),Cl,+ 

6KCH2Co(NO,),+2NO,. 

During  the  boiling  red  vapors  are  given  off.  In  one  experi- 
ment the  chloride  of  xanthocobalt  formed  was  analyzed,  with 
the  following  results : 

0*5027  gr.  gave  0*2987  gr.  SO^Co=22-62  per  cent  cobalt. 
0*7616  gr.  gave  0-6361  gr.  silver  =27*36  per  cent  chlorine. 

The  formula  Coa(NH3),  ,(N0,),C1,  requires  22*52  per  cent 
cobalt  and  27*09  per  cent  chlorine.  The  salt  gave  all  the  reac- 
tions of  the  chlonda 

On  the  other  hand,  Fischer's  salt  is  an  almost  constant  pro- 
duct of  the  action  of  the  alkaline  nitrites  upon  salts  of  the 
decamin  series.  I  have  already  mentioned  its  occurrence 
among  the  products  of  the  action  of  potassic  and  sodic  nitrite 
upon  chloride  of  purpureocobalt  When  nitrate  of  xantho- 
cobalt is  boiled  with  potassic  nitrite  and  a  little  acetic  acid, 
Fischers  salt  is  formed  in  abundance,  and  the  nitrate  is  gradu- 
ally decomposed,  without  formation  of  any  other  product  which 
I  could  detect. 

Chromaie, — When  neutral  potassic  chromate  is  added  to  a 
solution  of  nitrate  of  xanthocobalt,  a  beautiful  yellow  crystal- 
line precipitate  is  thrown  down,  which  may  be  washed  with 
cold  water,  in  which  it  is  but  slightly  soluble.  Hot  water  also 
dissolves  this  salt  in  very  small  quantity.  The  chromate  has 
the  formula 
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Co,(NH.),.(NO,),(CrOJ,+20H, 
as  the  following  analyses  show : 

0*4340  gr.  gave  0-3662  gr.  Cr04Ba=z36*96  per  cent  CrO^. 
0*3472  gr.  gave  0*2900  gr.  CrO^Ba=36*70  per  cent  CrO^. 
0*6954  gr.  gave  0*3370  gr.  water     =  5*38  per  cent  hydrogen. 

The  salt  lost  only  0*68  per  cent  water  on  drying  up  to  145°  C. 

The  formula  requires  85*84  per  cent  CrO^,  and  5*24  per  cent 
hydrogen.  It  is  remarkable  that  the  salt  should  retain  its  water 
of  crystallization  at  so  high  a  temperatura  The  neutral  chromate 
of  xanthocobalt  furnishes  the  most  convenient  method  of  ob- 
taining the  chloride  and  sulphate  of  xanthocobalt  in  a  state  of 
purity.  For  this  purpose  the  chromate  is  to  be  boiled  with 
water  and  a  little  acetic  acid,  and  a  solution  of  baric  chloride 
added  until  baric  chromate  is  no  longer  formed.  From  the 
filtrate  the  chloride  of  xanthocobalt  crystallizes  readily,  and  a 
second  crystallization  gives  the  salt  perfectly  pure.  The  sul- 
phate may  then  be  prepared  from  the  chloride  by  double  de- 
composition with  argentic  sulphata  In  the  preparation  of  the 
chloride  by  the  above  process,  it  is  not  necessary  to  operate 
with  pure  nitrate,  but  the  crude  salt  and  solutions  obtained 
directly  by  the  action  of  the  red  gases  upon  cobaltic  nitrate 
and  ammonia  may  be  employed.  I  am  even  disposed  to  con- 
sider double  decomposition  of  the  chromate  with  baric  nitrate 
the  easiest  method  of  obtaining  a  perfectly  pure  nitrate  of 
xanthocobalt 

Didiromaie. — Potassic  dichromate  produces  in  strong  solutions 
of  nitrate  of  xanthocobalt  a  beautiful  orange-yellow  precipitate 
of  crystalline  needles,  easily  purified  by  recrystallization,  a 
few  drops  of  acetic  acid  being  added  to  prevent  decomposition. 
The  salt  is  easily  soluble  in  hot  water,  and  crystallizes  readily, 
though  not  in  well  defined  crystals,  fipom  the  solution.  LiKe 
the  neutral  chromate,  it  is  available  as  a  means  of  recognizing 
salts  of  xanthocobalt,  and  of  obtaining  them  in  a  state  of  purity. 
Of  this  salt 

0*6670  gr.  gave  0*8200  gr.  Cr04Ba=63*33  per  cent  CrgO,. 
0*3974  gr.  gave  0*4950  gr.  CrO. Ba=63-23  per  cent  Cr^Oy. 
0*4868  gr.  gave  0*1830  gr.  CrjOa    =53*40  per  cent  Cr^Oy. 

The  formula  Co^lNHg),  .(NOJ^lCraO,),  requires  58-22  per 

cent 

lodosulphates. — A  solution  of  potassic  iodide  gives  no  precipi- 
tate at  first  with  one  of  nitrate  of  xanthocobalt,  but  after  stand- 
ing some  time,  pale  brown-yeUow  acicular  crystals  of  the  iodide 
Co,(NH3),  o(Nv)a),l4  are  formed.  When  a  solution  of  iodine 
in  potassic  iodide  is  added  to  one  of  nitrate  of  xanthocobalt, 
iodine  is  precipitated  in  crystals,  but  no  hyperiodide  is  formed, 
as  in  the  case  of  the  iodide  of  the  hexamin  series  already  de- 
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scribed.  Potassic  iodide  gives,  with  a  solution  of  sulphate  of 
xanthocobalt,  brown  yellow  needles,  which,  after  re-solutioD, 
gave  larger  prismatic  crystals.     Of  these 

0-5396  gr.  gave  0*2207  gr.  SO^CosilS-S?  per  cent  cobalt. 
0-8856  gr.  gave  02689  gr.  S04Ba=12-61  per  cent  SO-. 
0*4541  gr.  gave  0*1288  gr.  silver  z=88*37  per  cent  iodine. 

The  formula  Co.CNH,).  ,(NO,),SO  J,+20H,  requires 

Galcukted.  Found. 

Cobalt,    2  15*40  15*67 

Iodine,    2  38*16  83-37 

SO^  1  12*53  12-51 

When  a  solution  of  iodine  in  potassic  iodide  is  added  to  one 
of  sulphate  of  xanthocobalt,  very  beautiful,  deep  ruby -red, 
well  defined  crystals  are  formed,  which  are  readily  decomposed 
by  hot  water,  with  evolution  of  iodine  vapor,  and  cannot  be 
recrystallized  for  analysis.     Of  these  crystals 

0-6094  gr.  gave  86*5  aa  nitrogen  at  13°  C.  and  758*6  mm.  (h= 

2*08  nmi.)=16*63  per  cent  nitrogen. 
0*2142  gr.  gave  0*0687  gr.  80^00=12-21  per  cent  cobalt 
0*6104  gr.  gave  0*1870  gr.  SO^Co=ll*64  per  cent  cobalt. 
0*3940  gr.  gave  0*1672  gr.  silver  =49*90  per  cent  iodine. 
0*5437  gr.  gave  0*2310  gr.  silver  =49-96  per  cent  iodine. 
0-3020  gr.  gave  0*0724  gr.  SO^Ba=  9*87  per  cent  SO^. 
1-0627  gr.  gave  0*2787  gr.  SO^Ba=  10*80  per  cent  SO^. 

The  formula  Co,(NH3),,(NO,)aSO  J,  requires 


Calculated. 

Foi 

ind. 

Cobalt, 

2 

11-99 

12^-21 

11**64 

Iodine, 

4 

51*60 

49*90 

49*96 

80^ 

1 

9-75 

9*77 

10*80 

Nitrogen, 

12 

17-07 

16*63 

Salts  1  and  2  were  from  different  preparations. 

The  analyses  do  not  correspond  as  closely  to  the  formula  as 
might  be  wished,  but  it  must  be  remembered  that  the  salt  can- 
not be  recrystallized  without  decomposition,  and  is  probably 
not  quite  free  from  the  first  described,  or  normal  iodo-sulphate. 
The  salt  gives  off  iodine  on  heating  The  structural  formulas 
of  the  two  salts  may  be  written  as  follows : 


Coa^ 


rNHj-NOa 
NH3-NH3-I 
NH.-NH 


fNHg-NOj, 
NH3-NH3-I 
x^xx3-x.xx3>.  ^.v       p^    I  NH3-NH3-0>.  Q^O-I 
NH3-NH3>^^^     ^^HnH3-NH3-0>^<0-I 
NH3-NH3-I  NH3-NH3-I 

,NH3-NO,  [NH3-NO, 

This  mode  of  writing  the  formulas,  however,  involves  certain 
theoretical  conclusions,  which  I  shall  examine  in  detail  here- 
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after  I  added  PtCl^Na,  to  a  solution  of  sulphate  of  xantho- 
cobalt,  hoping  to  obtain  a  salt  with  the  formula  Co^CNH,),  ^ 
[N03)a(S0^)Cl3{PtCl^),  analogous  to  a  platinum  salt  of  roseo- 
cobalt,  which  I  shall  hereafter  describe,  and  which  has  the  for- 
mula Co,(NH,) .  ,(SO,),PtCl..  The  beautiful  crystalline  pre- 
cipitate formed  proved  to  be  only  the  salt  Co,(NH3),  ©(NOj), 
CljPtClj+OHa,  described  in  the  first  part  of  this  memoir. 
0-8882  gr.  gave  0-1612  gr.  Co+Pt=41-52.  The  formula  re- 
quires 41*89  per  cent 

Nitrite  of  xanthocobalL — When  argentic  nitrite  is  boiled  with 
a  solution  of  chloride  of  purpureocobalt,  the  liquid  soon  loses 
its  tine  violet  color,  and  assumes  the  wine-yellow  tint  of  the 
salts  of  xanthocobalt  The  filtrate  from  the  argentic  chloride 
gave,  on  careful  evaporation,  two  distinct  salts — a  salt  in  beau- 
tiful scaly  crystals,  and  one  in  octahedral  crystals.  The  two 
salts  were  separated  by  crystallization.     Of  the  scaly  salt 

0-2854  gr.  gave  0-2286  gr,  SO^Co+SO^Ag^zirYQ-QY  per  cent 

The  formula  of  the  ammonia-cobalt-nitrite,  Co,(NH3)^(NOj), 
Aga  requires  80*75  per  cent,  and  the  salt  was  easily  identified, 
by  its  appearance  and  properties,  with  the  silver  salt  of  Erd- 
tnann's  series.  As  the  octahedral  salt  was  rather  difficult  to 
obtain  perfectly  pure  by  this  method,  I  had  recourse  to  the 
iecomposition  of  sulphate  of  roseocobalt  by  baric  nitrite.  A 
solution  of  the  last  named  salt  is  to  be^addea  to  one  of  the  sul- 
phate as  long  as  a  precipitate  is  formed.  The  sherry-wine- 
3olored  filtrate  is  then  to  be  cautiously  evaporated,  when  fine 
lark  wine-colored  octahedral  crystals  form.     Of  these  crystals 

)-4750  gr.  gave  0-2303  gr.  SO^Cors  18*46  per  cent  cobalt. 
)-1220  gr.  gave  0*0594  gr.  S04Co=18*64  per  cent  cobalt 
)-31*29  gr.  gave  0*0403  gr.  water,  when  heated  to  140°  C.  =12*87 

per  cent. 
)'4289  gr.  gave  0*1141  gr.  ammonia=26*60  per  cent. 

rhe  formula  Co^CNH,),  ,(N0,),+40H,  requires 

Calculated.  Found. 

Cobalt,  2        18*66  18-46       18*54 

Ammonia,  10        26*72  26*60 

Water,         4        11*32  12*87 

Phe  percentage  of  water  in  the  analysis  is  too  high,  and  would 
eem  to  show  that  a  slight  decomposition  of  the  salt  had  taken 
>lace.  I  attempted  to  determine  the  percentage  of  NO^  in  this 
alt  by  titrition  with  potassic  hypermanganate,  but  though  the 
nalyses  were  made  with  the  greatest  care,  I  olDtained  as  a  mean 
f  three  determinations,  agreeing  well  together,  only  11*24  per 
ent,  which  would  correspond  to  less  than  two  atoms.  In  other 
ases  also  I  found  that  the  method  could  not  be  employed. 

Am.  Joctb.  Sci.— TniBD  Series,  Vol.  VIII.  No.  46  —Oct.,  1874. 
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So  far  as  the  empirical  formula  is  concerned,  the  salt  may 
be  regarded  as  a  nitrite  of  purpureocobalt  or  roseocobalt, 
Co,(NH3),  ^(N0,)a+40H,.  Its  solution  gives,  however,  the 
reactions  of  salts  of  xanthocobalt  with  the  greatest  distinct- 
ness, and  I  r^ard  it,  therefore,  as  the  normal  nitrite  of  this 
series,  with  the  formula  Co,(NH5),  ,(NO,),(NO,),-f  40H,. 
Its  formation  from  sulphate  of  roseocobalt  and  baric  nitrite  is 
expressed  by  the  equation  : 

Co,(NH3),o(SOj3H-3BaNO,=Co,{NH3),,(NO,)3+3SO,Ba, 

and  from  chloride  of  purpureocobalt  and  argentic  nitrite  by  the 
equation, 

Coa(NH3),oCle+6AgNO,=Co,{NH3),,(NO,),+6AgCL 

The  formation  of  the  silver  salt  of  Erdmann's  series,  Co ^(NH,), 
(N0,)gAg3,  is  probably  due  to  a  secondary  action,  and  may, 
perhaps,  be  expressed  by  the  equation 

Co,(NH3),,(NO,),+2AgN(^=Co,(NH,),(NO.),Ag,+ 

Ammoiiia'CobaU-nitrate  of  xanlhocobalt. — When  a  solution  of 
potassic  ammonia-cobalt-nitrite  is  added  to  one  of  nitrate  of 
xanthocobalt,  a  beautiful  crystalline  precipitate  is  formed,  of 
a  deep  orange-red  color,  which  requires  a  rather  large  quantity 
of  boiling  water  for  solution,  and  which  may  be  recrystallized 
without  decomposition. ,  The  solution  gives  the  reactions  of 
salts  of  xanthocobalt,  and  gives  also,  with  argentic  nitrate,  the 
characteristic  silver  salt  Co3(NH3)^(NO,),Ag,.     Of  this  salt 

0-5074  gr.  gave  0-3172  gr.  SO^Co=23-77  per  cent  cobalt, 
0473 1  gr.  gave  136  c.c.  nitrogen  (moist)  at  12°  C.  and  767*8  mm.=: 
33*69  per  cent,  nitrogen. 

The  formula  {Co^CNH,),  ,(N0,),  HCo,(NH3),(NO,),|,  re- 
quires 23*79  per  cent  cobalt,  and  33*87  percent  nitrogen.  This 
salt  is  metaraeric  with  the  corresponding  salt  of  the  hexamin 
series  already  described,  and  with  Erdmann's  salt,  Co,(NH,), 
(NOj)^,  since  we  have 

iCo,(NH,).,(NO,),!|Co,(NH3),(NO,)g}.= 

3Co,(NH3),(NO,),. 

In  endeavoring  to  obtain  measurable  crystals  by  allowing  a 
solution  of  this  salt  to  stand  for  some  time  and  evaporate  at 
ordinary  temperatures,  I  found  that  the  salt  was  partially  de- 
composed, a  considerable  quantity  of  cobaltic  nitrate  being 
formed. 

Oxalate  of  xanthocobalt — In  the  first  part  of  this  memoir,  in 
consequence  of  an  oversight,  the  formula  given  for  the  oxalate 
of  xanthocobalt  contains  (old  style)  five  atoms  of  water  of  crys- 
tallization. The  salt  is  really  anhydrous,  and  the  analyses  given 
agree  with  the  formula  Co^CNH,),  o(NO,),(0,0,),.     The  salt 
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aed  from  hot  solutions  in  granular  ciystala  Its  solution 
lilute  nitric  acid  deposits  abundant  crystals  of  the  ui- 
e  oxalate  being  almost  completely  decomposed.  Sul- 
nd  nitiMte  of  xanthocobalt  may  be  readily  prepared 
a  oxalate  by  boiling  with  a  small  excess  of  mercurous 
3  or  nitrate,  adding,  in  the  first  case,  a  little  dilute  sul- 
in  the  last,  a  little  nitric,  acid.  As  the  oxalate  can  be 
ated  by  ammoDic  oxalate  from  the  crude  nitrate,  this 
a  a  cheap  and  expeditious  method  of  obtaining  the  pure 

brmulas  of  the  salts  of  xanthocobalt  at  present  known 

in  the  new  notation : 

L  Coa(NH,),„(XO,),Cl. 

!,  Co^{NH,)i„(N02)aBr. 

Coj,iNH,),o(NO,)jI. 

Co2(SHj),^(NO^)j(NO,). 

Co,{NII,),.{NO,)a(NO,),+40H. 
J,  Coa(NH,),,(NO,)a(SOJ, 

phate,  Co,{NHJ,o(NO,),(SO^)Ia+20H, 

xlo-Bulphate,       Co;,(NHj),„(NOa)j,(S0.}I^ 
loride  Co„(NH.),.(NO,),Cl.+2AuCl,-{-OH, 

ohloride,  Co,(NH3),o(NOjaClt+PtCI,+OH, 

'o^hloride,  Co,  (NHJ .  o(NO,),Cl,  +  4HgCl„+  OH, 

Co^(NH3),„(N0a)a(C,OJ, 
te,  Coj(NH,),„{NO,)3(CrO.),  +  20H, 

late,  Coj(NH,),o(NOj,),(Cr;,0,), 

ia-cobalt-)  jCoa(NHj),,{NO,)ai|Coa{NH,).(NO,)gij 
anide,  Co,(NHs),o(NOa)a(FeCye)+60Ha. 

'e  collected  them  for  the  purpose  of  convenience  of 
e  and  comparison. 

Pdhpubeocobalt. 
Q  the  first  part  of  this  memoir  Qenth  and  I  hare  en- 

d  to  show  that  purpureocobalt  and  roseocobalt  form 
linct  series  of  salts ;  that  chloride  of  roseocobalt,  for 
^  Co,(NH:3),„C1,+20H„  cannot  be  regarded  as  differ- 
n  chloride  of  purpureocobalt  only  by  water  of  crystal- 
This  view  has  been  adopted  by  some  chemists,  re- 
nd even  ridiculed,  by  others.  I  shall  endeavor  to  show, 
ire  extended  study  and  comparison  of  the  two  series  of 
at  they  are  essentially  different,  and,  furthermore,  that, 
leory  of  these  compounds  proposed  by  Blorastrand  sug- 
here  are  more  than  two  senes  containing  the  group 
[,),  „.  Reserving  the  discussion  for  the  present,  I  pro- 
the  description  of  the  salts  which  serve  to  throw  light 
e  question. 


292         W.  Oitbs  (yii  ihe  Hexatomic  compounds  of  Cobalt 

Auro-chloride  of  purpureocobalL — When  a  solution  of  chloro- 
aurate  of  sodium  is  added  to  a  hot  solution  of  chloride  of  pur- 
pureocobalt,  containing  a  little  free  chlorhydric  acid,  no  pre- 
cipitate is  formed  at  first,  but  after  standing  a  few  hours 
crystals  of  a  new  salt  are  deposited.  The  crystals  in  question 
present  flat  prismatic  forms.  They  have  a  dark  ruby-r^  color, 
with  a  dull  violet  luster,  and  after  standing,  exhibit  a  distinct 
superficial  reduction  of  gold.     Of  these  crystals 

0*9028  gr.  gave  0*3206  gr.  gold,  and  1-0660  gr.  8ilver=36'60  per 

cent  gold,  and  38*45  per  cent  chlorine. 
0-6840  gr.  gave  0-1896  gr.  SO^Co  and  0*2425  gr.  gold=10-56  per 
cent  cobalt,  and  35*45  per  cent  gold. 

Calculated.  Found. 

Cobalt,  2  10-64  10*56 

Gold,  2  36-55  35-50       36 '46 

Chlorine,       12  88-44  38*45 

In  the  first  analysis  the  salt  was  reduced  by  zinc  and  dilute 
sulphuric  acid,  the  gold  weighed  directly,  and  the  chlorine 
determined  in  the  filtrate.  In  the  second,  the  salt  was  heated 
with  sulphuric  acid,  and  the  reduced  gold  separated  from  the 
cobaltic  sulphate  by  dissolving  the  latter  in  boiling  water. 
The  formula  of  the  salt  is 

Co^{NH,),oCl.+2AuCl3, 


or  rationally 


Ti 

Co. 


rNHj-Cl 

NH3-NII3-CI        r  r^^ 

NH3-NH3-C1=^."^^3 
NH3-NH3-Cl=AuCl3 
NIIg-NH^-Cl 


NH3-CI 


From  the  formula  it  appears  that  the  salt  is  unsaturated,  simi- 
lar salts  containing  4  or  6  molecules  of  auric  chloride  being  also 
possible 

ChlorO'hydrargyrates  of  purpureocobalL — When  mercuric  chlo- 
ride is  added  in  excess  to  a  solution  of  chloride  of  purpureo- 
cobalt,  a  rather  dull  red  salt  separates  in  small  needles,  slightly 
soluble  in  cold  water,  but  much  more  easilv  soluble  in  hot 
water,  especially  in  the  presence  of  free  chlorhydric  acid,  and 
readily  crystallizing  from  the  hot  solution.     This  salt  has  the 

formula 

Co,(NH3),,Cl,+6HgCla 

as  the  following  analyses  show : 

0*5884  gr.  gave  0*3922  gr.  HgjjCl2=66-60  per  cent  mercury. 
0*4409  gr.  gave  0-4025  gr.  silver     =30*00  per  cent  chlorine. 

Calculated.  Found. 

Mercury,         6  56*47  56-60 

Chlorine,       18  30*04  30-00 
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en  the  chloride  of  purpureocobalt  is  in  excess,  or  when  the 
chlorides  are  mixed  in  the  proper  atomic  proportions, 
bher  double  salt  separates  in  very  beautiful  violet-colored 
matic  crystals,  wbicn,  like  the  last  mentioned  salt,  are  but 
bdy  soluble  in  cold  water,  but  are  much  more  soluble  in 
ing  water,  and  crystallize  from  the  solution  on  cooling. 
3  salt  has  the  formula 

Co,(NH3)„Cl.+4HgCl, 

be  following  analyses  show  : 

7938  gr.  gave  0*4735  gr.  Hg,Cl2=50*66  per  cent  mercury. 
3970  gr.  gave  0*3771  gr.  silver  z=:3r23  per  cent  chlorine. 
9762  gr.  gave  0*9356  gr.  silver  ^31*42  per  cent  chlorine. 
3600  gr.  gave  0*1024  gr.  cobalt   =  7*62  per  cent  cobalt 

Calculated.  Found. 

Mercury,        4  60*47  50'66 

Chlorine,      14  31*85  81-23       81*42 

Cobalt,  2  7*44  762 

Blomstrand's  view  the  formulas  of  the  two  mercury  salts 
^  be  written 

fNH.-Cl-HgCl,  fNHa-Cl 

NH,-NH3-Cl=HgCL  NH.-NH,.  Cl=HgCl- 

NH3-NH3-Cl=HgCL  ^^  J  NH,-NH.-Cl=HgCL 
NH3-NH3-Cl=HgCL  ^^n  NH.-NH.-ClinHgCL 
NH3-NH3-Cl=HgCL  I  NH.-NH.-Cl=HgCL 

tNHg-Cl-HgCl,  INH3-CI 

x)ssible  that  the  salts  containing  six  atoms  of  mercury  be- 

o  the  roseocobalt  series,  as  I  find  that  it  is  formed  when  a 

^n  of  HgCljNa  is  added  to  one  of  the  soluble  sulphate  of 

obalt,  Coj(NH,),^(SOj3-f6aq,  which  I  shall  describe 

on.     I  may  also  remark  that  if  the  progress  of  science 

make  us  acquainted  with  a  method   of  determining 

in  these  salts  with  precision,  they  would  enable  us  to 

ne  the  atomic  weight  of  that  metal  with  great  accuracy, 

salt  containing  5*54,  and  the  second  7*44,  per  cent  of 

so   that  a  relatively   large    error   in    the   weight    of 

Hg^Cl,,,  orof  (NH[3),,nK,Cl,„  would  exert  an  in- 

)le   influence  on  the  result.     If  we   regard   the  salt 

),  ,Cl,+4HgCl^  as  unsaturated,  it  ought  to  combine 

r  electro-negative  chlorides  to  form  salts  with  three 

lements.     I  have  not,  however,  found  this  to  be  the 

r,  at  least,  as  the  chlorides  of  gold  and  platinum  are 

^zing  these  salts,  I  found  it  most  advantageous  to 

the  mercury  in  the  form  of  calomel,  by  dissolving 

water,  adding  a  little  chlorhydric  acid,  and   then 

e  mercuric  to  mercurous  chloride  by  a  solution  of 
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sodic  hypophosphite,  the  solution  of  mercuric  salt  having  the 
temperature  of  40®  C.  The  mercurous  chloride  was  then 
weighed  on  a  porous  earthenware  cone  at  100°  C.  In  deter- 
mining chlorine  it  is  best  to  dissolve  the  salt  in  hot  water, 
with  a  little  free  sulphuric  acid.  The  mercury  may  then  be 
separated  as  HgS,  and  the  chlorine  determined  in  tne  jQltrate 
after  removing  the  excess  of  SH,  by  a  solution  of  ferric  alum. 
Antimonio'chloride  of  purpureocooalL — A  solution  of  anti- 
monious  chloride  added  to  one  of  chloride  of  purpureocobalt 

?*ves  a  precipitate  of  small,  granular,  dull  violet  red  crystals, 
hese  may  be  washed  with  strong  chlorhydric  acid  and  dried 
by  pressure  between  folds  of  porous  paper,  and  afterward  at 
100  C.  Water  decompost-s  it  readily,  with  precipitation  of 
SbOCl.     The  formula  of  this  salt  is 

Co,(NH3),,Cl,H-SbCl3, 

as  appears  from  the  following  analyses  : 

0-8100  gr.  gave  0-3402  gr.  SO>.Co=16-99  per  cent  cobalt. 
0-6500  gr.  gave  0-1370  gr  SbO,  =16-64  per  cent  antimony. 

The  formula  requires  16*22  per  cent  cobalt,  and  16  49  per  cent 
antimony. 

Bismuthous  chloride  gives  a  lilac-red  precipitate  in  solutions 
of  chloride  of  purpureocobalt,  insoluble  in  strong  chlorhydric 
acid,  and  readily  aecomposed  by  water,  with  precipitation  of 
BiOCl. 

Neutral  chromate, — When  a  solution  of  nitrate  of  purpureo- 
cobalt is  added  to  one  of  neutral  potassic  chromate,  a  red  crystal- 
line precipitate  is  formed,  which,  after  washing  with  cold  water, 
may  be  dissolved  in  boiling  water,  with  addition  of  a  few  drops 
of  acetic  acid.  Afler  some  hours  the  neutral  chromate  separates 
in  crystals,  which  have  a  peculiar  red  color  with  bronze-yellow 
reflections.  The  crystals  are  thin,  acicular  leaves.  The  salt 
dissolves  rather  easily  in  hot  water,  but  the  solution  is  soon 
more  or  less  completely  decomposed,  unless  free  acid  is  present 
The  dilute  solution  is  orange-yellow ;  concentrated  solutions 
are  red.  The  dried  salt  somewhat  resembles  litharge.  Different 
preparations  of  this  salt  gave,  on  analysis,  results  which  differed 
somewhat  from  each  other,  but  only  in  the  amount  of  water  of 
crystallization.     In  one  preparation 

0-2637  gr.  gave  0-2480  gr.  CrO,Ba=43-l7  per  cent  CrO^ 

0-3651  gr.  gave  0*0811  gr.  cobalt    =22*21  per  cent. 

0-3598  gr.  gave  0-0068  gr.  water  up  to  170°  C.=l-61  per  cent 

I  consider  the  loss  of  weight  on  heating  to  arise  partly  from 
hygroscopic  moisture,  and  partly  from  slight  decomposition, 
and  believe  that  the  salt  is  really  anhydrous.     The  formula 

Co,(NH3),o.O.(CrO,), 
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requires  cobalt,  21*99  per  cent,  and  CrO^,  43 '32  percent.  The 
formation  of  the  neutral  chromate  is  expressed  by  the  equation  : 

Co,(NB3),,(N03)e+2CrO,K,+OH,=:Co,(NH3),o.O.(CrOJ, 

+4KNO3+2NO3H. 

The  nitric  acid  set  free  dissolves  a  portion  of  the  chromate 
forming  the  dichromate,  which  remains  in  solution.  When  a 
solution  of  neutral  potassic  tungstate,  WO^K,,  is  digested  witli 
dry  neutral  nitrate  of  purpureocobalt,  a  pink  tungstate  of  pur- 
pureocobalt  is  formed,  and  the  liquid  then  gives  a  strong  acid 
reaction  with  litmus.  The  reaction  is  probably  the  same  as 
that  given  above  for  the  chromate. 

Potassic  iodide  gives  a  dull  red  crystalline  precipitate  with 
neutral  chromate  of  purpureocobalt  in  solution.  The  analyses 
of  this  salt  led  to  no  definite  formula,  and  the  precipitate  ap- 

Seand  to  be  a  mixture  of  the  chromate  described,  Co3(NH3), ,. 
L(0rO,)j„  and  the  iodo-chromate,  Co,(NH3),  ^^(CrO,),.  By 
digesting  powdered  chloride  of  purpureocobalt  with  neutral 
potassic  chromate,  Braun  obtained  a  dark  brown-red  powder,  to 
which  he  gives  the  formula  Co3(NH3),  ,(CrO^)3.  According 
to  the  same  writer,  when  powdered  chloride  of  purpureocobalt  is 
added,  in  small  portions  at  a  time,  to  a  concentrated  solution 
of  potassic  dichromate,  a  beautiful  crystalline  powder  is  formed, 
which  has  also  the  formula  Co3(NH3) ,  /CrOJa.  In  this  case 
chromic  acid,  CrO^H^,  must  be  set  free.  When  a  solution  of 
potassic  chromate  is  added  to  one  of  chloride  of  purpureo- 
cobalt, the  crystalline  precipitate  formed,  according  to  my  obser- 
vations, always  contains  cnlorina  My  analyses  led,  hovvever, 
in  this  case  also,  to  no  definite  formula,  but  pointed  to  a  mix- 
ture of  the  chromate,  Co2(NH3),  ^.O.(CrO^),,  and  the  chloro- 
chromate,  Co,(NH3),  ^Cla(Cr0j3.  Braun  has  also  described 
a  salt,  to  which  he  gives  the  formula  2NH[3.Co3  03.3Cr03  + 
2NH,C1,  which  I  should  write  Co,(NH3)3(CrO,)3-f2NH, CI, 
but  the  analyses  are  incomplete  without  a  determination  either 
of  ammonia  or  of  nitrogen. 

Dichromate. — A  solution  of  potassic  dichromate  gives,  with 
one  of  nitrate  of  purpureocobalt,  a  granular  red  precipitate, 
which  may  be  recrystallized  by  solution  in  boiling  water,  to 
which  a  little  acetic  acid  has  been  added.  The  salt  then  sepa- 
rates in  small,  indistinct  crystals  of  a  dark  brick  red  color,  with 
bronze  reflections.  It  is  somewhat  soluble  in  cold,  and  dis- 
solves readily  in  boiling,  water.     Of  this  salt 

0-60.31  gr.  gave  0-0747  gr.  cobalt= 12-38  per  cent. 

0-7101  gr.  gave  1*1252  gr.  CrO^Ba=67-7l  percent.  (Chromium= 

62-2.) 
0*6295  er.  lost,  at  105"*  C,  0*0077  gr.  water  =1*2 2  per  cent;  at 

120^  C,  0-0118  gr.=l-87  per  cent;  and  at  133°  C,  0-0166. 

gr.=2*64  per  cent. 
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At  133°  C.  the  salt  was  slightly  decomposed.  Between  133® 
and  145°  C.  it  lost  446  per  cent  with  partial  decomposition. 
These  analyses  correspona  to  the  formula  CJo,(NH3),  ^(Cr,0,)3 
-fOH,. 

Oalculotod.  Found. 

Cobalt,         2         12-35  12-38 

CraO^,         3         67-97  6771 

Water,         1           1-88  1-87 

The  salt  was  dried  for  two  weeks  in  pleno  over  sulphuric  acid. 
In  preparing  nitrate  of  purpureocobalt  by  Mr.  Mills'  process,  in 
which  an  ammoniacal  solution  of  cobaltic  nitrate  is  oxidized 
by  poiassic  dichromate,  I  obtained,  besides  the  nitrate,  a  large 
quantity  of  beautiful  orange-red  crystalline  scales,  with  gold 
reflections.  The  crj'stals  were  easily  purified  by  recrystalTiza- 
tiou.  They  are  readily  soluble  in  hot  water,  and  crystallize 
from  the  solution  almost  completely  on  cooling.  The  formula 
of  this  salt  is  Co,(NH3),  ,(Cr,0  J3+5OH,,  as  the  following 
analyses  show : 

0-6366  gr.  gave  0-0736  gr.  cobalt=ll-54  per  cent. 
0-6447  gr.  gave  0-2888  gr.  CrOj  =63-31  per  cent  CrjO^. 
0-1740  gr.  gave,  up  to  139°  C,  00126  gr.  water=7-19  percent  ) 
0-0800  gr.  gave,  up  to  145"*  C,  00082  gr.  water=10-25  percent. ) 
]Mean,  8-72  per  cent. 

In  the  last  water  determination  the  salt  was  slightly  decom- 
posed.    The  formula  requires 

Calculated.  Found. 

Cobalt,       2         11-48  11-54 

CrjjO,,       3         63-20  63-31 

Water,       5  8-76  8*72  (mean.) 

The  difference  in  appearance  and  in  the  number  of  atoms  of 
water  of  the  dichromate  of  purpureocobalt  may  possibly  arise 
from  the  fact  that,  in  one  case,  a  solution  of  the  nitrate  of  pur- 
pureocobalt was  poured  into  one  of  potassic  dichromate  in  ex- 
cess; in  the  other,  the  nitrate  was  presented  to  the  dichromate 
as  fast  as  formed — in  some  sense  in  the  nascent  state.  But  it 
is  singular  that  the  two  hydrates  are  not  the  same  after  recrys- 
tallization.  A  solution  of  potassic  dichromate  gives,  with  one 
of  chloride  of  purpureocobalt,  a  dark  red  crystalline  precipi- 
tate, the  analyses  of  which  pointed  to  a  mixture  of  C03  (NH3) , , 
(Cr207)3  and  Co^lNHa),  o-Cl2.(Cr30,)2.  I  did  not  succeed  in 
obtaining  the  basic  dichromate  Co2(NH3),  5.0.(Cr,0,)3.  In 
all  the  chromates  of  the  cobaltamines  which  I  have  studied,  the 
direct  determination  of  the  water  of  crystallization  has  been 
effected  with  peculiar  difficulty,  in  consequence  of  the  tenacity 
with  which  tnese  salts  retain  water  up  to  temperatures  very 
near  to  those  at  which  incipient  decomposition  occurs. 

(To  be  continued.) 
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Abt.  XXVL — The  MathematiccU  and  Philosophical  State  of  the 
Physical  Sciences ;  by  Prof.  Joseph  Lovebing.  From  the 
Presidential  Address  of  Pro£  Lovering  before  the  American 
Association  at  Hartford,  August,  1874. 

The  luminiferous  ether  and  the  nndulatory  theory  of  light 
have  always  troubled  what  is  supposed  to  be  the  imperturbable 
character  of  the  mathematics.  The  proof  of  a  theory  is  indispu- 
table when  it  can  predict  consequences,  and  call  successfully  upon 
the  observer  to  ndfill  its  prophecies.  It  is  the  boast  of  astron- 
omers that  the  law  of  gravitation  thus  vindicates  itself.  The  un- 
dolatory  theory  of  light  has  shown  a  wonderful  facility  of  adapta- 
tion to  each  new  exigency  in  optics,  and  has  opened  the  eye  of 
observation  to  see  what  might  never  have  been  discovered  with- 
out the  promptings  of  theory.  But  this  doctrine,  and  that  of 
gravitation  also,  have  more  than  once  been  arrested  in  their  swift 
march  and  obliged  to  show  their  credentials.  After  Fresnel  and 
Young  had  secured  a  firm  foothold  for  Huyghens'  theory  of  light 
in  mechanics  and  experiment,  questions  arose  which  have  per- 
plexed, if  not  baffled,  the  best  mathematical  skill.  How  is  the 
ether  affected  by  the  mross  matter  which  it  invests  and  {>ermeates  ? 
Does  it  move  when  they  move  ?  If  not,  does  the  relative  motion 
between  the  ether  and  other  matter  change  the  len^h  of  the  un- 
dulation or  the  time  of  oscillation?  These  quenes  cannot  be 
satisfactorily  answered  by  analogy,  for  analogy  is  in  some  respects 
wanting  between  the  ether  and  any  other  substance.  Astronomy 
says  that  aberration  cannot  be  explained  unless  the  ether  is  at 
rest.  Optics  replies  that  refraction  cannot  be  explained  unless  the 
ether  moves.  Presnel  produced  a  reconciliation  by  a  compromise. 
The  ether  moves  with  a  fractional  velocity  large  enough  to  sat- 
isfy retraction,  but  too  small  to  disturb  sensibly  the  astronomer's 
aberration.  In  1814,  Arago  reported  to  Fresnel  that  he  found  no 
se-isible  difference  in  the  prismatic  refraction  of  light,  whether 
the  earth  was  moving  with  full  speed  toward  a  star  or  in  the  oppor 
site  direction,  and  asked  for  an  explanation.  Fresnel  submitted 
the  question  to  mathematical  analysis,  and  demonstrated,  that 
whatever  change  was  produced  by  the  motion  of  the  prism  in  the 
relative  velocity  of  light,  the  wave-length  through  the  prism,  and 
the  refraction,  was  compensated  by  the  physiological  aberration 
when  the  rays  emerged.  Very  recently,  feetteler  of  Bonn  has 
gone  over  the  whole  ground  again  with  great  care,  studying  not 
only  Arago's  case  but  the  general  one,  in  which  the  direction  of 
the  light  made  any  angle  with  the  motion  of  the  earth :  and  he 
proves  that  the  light  will  always  enter  'the  eye  in  the  same  appar- 
ent direction  as  it  would  have  done  if  the  earth  were  at  rest. 
The  mathematical  and  physical  view  taken  of  this  subject  by 
Fresnel  has  been  under  discussion  for  sixty  years,  and  forty  emi- 
nent physicists  and  mathematicians  might  be  enumerated  who 
have  taken  part  in  it.      Fresnel's  explanation  has  encountered 
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difficulties  and  objectioDB.  Still,  it  \b  consistent  not  only  with 
Arago^s  negative  result,  but  with  the  experiments  on  diffraction 
by  Fizeau  and  Babinet,  and  the  preponderance  of  mathematical 
evidence  is  on  that  side.  Mr.  Uuggins  runs  counter  to  the  gen- 
eral drift  of  physical  and  algebraical  testimony  (although  he 
appears  to  be  sustained  by  the  high  authority  of  Maxwell),  when 
he  attributes  some  displacement  of  the  spectrum  lines  to  the 
motion  of  the  earth,  and  qualifies  the  observed  displacement  on 
that  account  The  number  of  stars  which  Hugging  has  observed 
is  insufficient  for  any  sweeping  generalization.  And  yet  he  seems 
inclined  to  explain  the  revelations  of  his  spectroscope,  not  by  the 
motion  of  the  stars,  but  by  that  of  the  solar  system :  because 
those  stars  which  are  in  the  neighborhood  of  the  place  in  which 
astronomers  have  put  the  solar  apex  are  moving,  apparently, 
toward  the  earth,  while  those  in  the  opposite  part  of  toe  sky  re- 
cede. If  it  be  true  that  the  earth's  annual  motion  produces  no 
displacement  in  the  spectrum,  then  the  motion  of  the  solar  system 
produces  none.  Or,  waiving  this  objection,  if  the  correct  explana- 
tion has  been  given  by  Hu^gins,  astronomers  have  failed,  by  their 
geometrical  method,  of  rising  to  the  full  n^agnitude  of  the  sun's 
motion.  The  discrepancy  appears  to  awaken  no  distrust  in  Mr. 
Hugging'  mind  as  to  the  delicacy  of  the  spectrum  analysis  or  the 
mathematical  basis  of  his  reasonmg.  On  the  contrary,  he  would 
remove  the  discrepancy  by  throwing  discredit  on  the  estimate  of 
star-distances  made  independently  by  Struve  and  Argelander 
from  different  lines  of  thought. 

Next  we  ask,  if  it  is  certain  that  even  the  motion  of  the  lumi- 
nary will  change  the  true  wave-length,  the  period  of  oscillation, 
and  the  refrangibility  of  the  light  which  issues  from  it  ?  The 
commonly  received  opinion  on  this  subject  has  not  been  allowed 
to  pass  unchallenged.  It  is  fortified  by  more  than  one  analogy : 
but  it  is  said  that  comparison  is  not  always  a  reason.  It  is  not 
denied  that,  when  the  sonorous  body  is  approaching,  the  sound 
waves  are  shortened,  the  number  of  impulses  on  the  ear  by  the 
condensed  air  is  increased,  and  the  pitch  of  the  sound  is  raised. 
Possibly,  the  color  of  light  would  follow  the  same  law ;  but  there 
is  no  experiment  to  prove  it,  and  very  little  analogy  exists  be- 
tween the  eye  and  the  ear.  There  is  no  analogy,  whatever,  be- 
tween the  subjective  sensation  by  either  organ  and  the  physical 
action  of  the  prism.  The  questions  at  issue  are  these  :  Does  re- 
fraction depend  upon  the  absolute  or  the  relative  velocity  of  light ; 
are  the  time  of  oscillation  of  the  particles  of  ether  and  the  normal 
wave-length,  corresponding  to  it,  changed  by  any  motion  of  trans- 
lation in  the  origin  ;  or  is  the  conservation  of  these  elements  an 
essential  attribute  of  the  luminiferous  mediuuL  It  has  been  said 
that  Doppler  reasoned  as  if  the  corpuscular  theory  of  light  were 
true,  and  then  expressed  himself  in  the  language  of  undulations. 
Evidently,  there  is  an  obscurity  in  the  minds  oi  many  physicists, 
and  an  uncertainty  in  all,  when  they  reason  upon  the  mechanical 
constitution  of  the  ether,  and  the  ftindamental  laws  of  light.    The 
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ithematical  theory  is  not  so  clear  as  to  be  able  to  dispense  with 
e  illumination  of  experiment.  Within  the  present  year,  Van 
r  Willigen  has  published  a  long  and  well  considered  memoir  on 
e  theoretical  fallacies  which  vitiate  the  whole  of  Huggins' 
guraent  for  the  motion  of  the  stars  and  nebulae.  His  analysis 
oves  that  the  motion  of  the  luminary  will  not  interfere  with  the 
ne  of  oscillation  and  the  wave-length  provided  that  the  orirai 

the  disturbance  is  not  a  mathematical  point  but  a  vibrating 
olecule,  and  that  the  sphere  of  action  of  this  molecule  upon  sur- 
onding  molecules  is  large  enough  to  keep  them  under  its  influ- 
c€  during  ten  or  a  hundred  vibrations,  oefore  it  is  withdrawn 
'  the  motion  of  translation.  If  this  theoretical  exposition  of  the 
bject  should  be  generally  adopted  by  mathematicians,  the  speo- 
30cop]c  observations  on  the  supposed  motion  of  the  stars  must 
ceive  another  interpretation.     On  the  other  hand,  if  a  luminary 

selected  which  is  known  to  move,  independently  of  spectro- 
opic  observations,  and  the  displacement  of  the  spectrum  lines 
cords  with  this  motion,  it  will  be  time  to  reconsider  the  mathe- 
Atioal  theory,  and  make  our  conceptions  of  the  ether  conform  to 
e  experiment.  The  spectroscopic  observation  of  Angstr5m  on 
I  oblique  electric  spark  does  not  favor  Huggins'  views.  Secchi 
stifies  to  opposite  displacements  when  he  examined,  with  a 
rect  vision  spectroscope,  the  two  edges  of  the  sun's  equator,  one 

which  was  rotating  toward  him  and  the  other  from  him,  and 
ogel  has  repeated  the  observation  with  a  reversion-spectroscope. 
Iu8  would  have  the  force  of  a  crucial  experiment  were  it  not  that 
I  equal  displacement  was  seen  on  other  parallels  of  latitude,  and 
at  the  bright  bands  of  the  chromosphere  were  moved,  but  not 
e  dark  lines  of  the  solar  atmosphere. 

When  Voltaire  visited  England  in  1 727  he  saw  at  the  univer- 
lies  the  effect  of  Newton's  revolutionary  ideas  in  astronomy. 
le  mechanism  of  gravitation  had  exiled  the  fanciful  vortices  of 
escartes,  which  were  still  circulating  on  the  continent.  So  he 
rote :  "  A  Frenchman  who  comes  to  London  finds  many  changes 

philosophy  as  in  other  things :  he  left  the  world  full,  he  finds 

empty."  The  same  companson  might  be  made  now,  not  so 
uch  between  nationalities  as  between  successive  stages  of  scien- 
ic  development.  At  the  beginning  of  this  century  the  universe 
as  as  empty  as  an  exhausted  receiver :  now  it  has  filled  up  again, 
ature's  abhorrence  of  a  vacuum  has  been  resuscitated,  though 
r  other  reasons  than  these  which  satisfied  the  Aristotelians.     It 

the  mathematicians  and  not  the  metaphysicians  who  are  now 
scussing  the  relative  merits  of  the  plenum  and  the  vacuum, 
ewton,  in  his  third  letter  to  Bentley,  wrote  in  this  wise  :  "  That 
avity  should  be  innate,  inherent  and  essential  to  matter,  so  that 
le  body  may  act  upon  another  at  a  distance,  through  a  vacuumy 
ithout  the  mediation  of  anything  else,  by  and  through  which 
eir  action  and  force  may  be  conveyed  from  one  to  another,  is  to 
e  BO  great  an  absurdity,  that  I  believe  no  man,  who  has  in  philo- 
phical  matters  a  competent  faculty  of  thinking,  can  ever  fall 
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into  it."  Roger  Cotes,  who  was  Newton's  saccessor  in  the  chair 
of  mathematics  and  natural  philosophy  at  Cambridge,  was  only 
four  years  old  when  the  first  edition  of  the  ^'  Principia^'  was  issued, 
and  Newton  outlived  him  by  ten  years.  The  venerable  teacher 
pronounced  upon  the  young  mathematician,  his  pupil,  these  few 
but  comprehensive  words  of  eulogy :  "  If  Cotes  had  lived,  we 
should  have  known  something.*'  The  view  taken  of  gravitation 
by  Cotes  was  not  the  same  as  that  held  by  his  master.  He  advo- 
cated the  proposition  that  action  at  a  distance  must  be  accepted 
as  one  of  the  primary  qualities  of  matter,  admitting  of  no  farther 
analysis.  It  was  objected  by  Hobbes  and  other  metaphysicians, 
that  it  was  inconceivable  that  a  body  should  act  where  it  was  not 
All  our  knowledge  of  mechanical  forces  is  derived  firom  the  con- 
scious effort  we  ourselves  make  in  producing  motion.  As  this 
motion  employs  the  machinery  of  contact,  the  force  of  gravitation 
is  wholly  outside  of  all  our  experience.  The  advocates  of  action 
at  a  distance  reply,  that  there  is  no  real  contact  in  any  case,  that 
the  difficulty  is  the  same  with  the  distance  of  molecules  as  that  of 
planets,  that  the  mathematics  are  neither  long-sighted  nor  short- 
sighted, and  that  an  explanation  which  suits  other  forces  is  good 
enough  for  gravitation. 

Comte  extricated  himself  from  this  embarrassment  by  excluding 
causes  altogether  from  his  positive  philosophy.  He  rejects  the 
word  attraction  as  implying  a  false  analogy,  inconsistent  with 
Newton's  law  of  distance.  He  substitutes  the  word  gravitation, 
but  only  as  a  blind  expression  by  which  the  facts  are  generalized. 
According  to  Comte's  philosophy,  the  laws  of  Newton  are  on  an 
equality  with  the  laws  of  Kepler,  only  they  are  more  comprehen- 
sive, and  the  glory  of  Kepler  has  the  same  stamp  as  that  of 
Newton.  Hegel,  the  eminent  German  metaphysician,  must  have 
looked  at  the  subject  in  the  same  light  when  he  wrote  these 
words :  "  Kepler  discovered  the  laws  of  free  motion ;  a  dis- 
covery of  immortal  glory.  It  has  since  been  the  fashion  to  say 
that  Newton  first  found  out  the  truth  of  these  rules.  It  has  sel- 
dom happened  that  the  honor  of  the  first  discoverer  has  been 
more  unjustly  transferred  to  another,"  Shelling  goes  farther  in 
the  same  direction  :  he  degrades  the  Newtonian  law  of  attraction 
into  an  empirical  fact,  and  exalts  the  laws  of  Kepler  into  neces- 
sary results  of  our  ideas. 

Meanwhile,  the  Newtonian  theory  of  attraction,  under  the  skill- 
ful generalship  of  the  geometei-s,  went  forth  on  its  triumphal 
march  through  space,  conquering  great  and  small,  far  and  near, 
until  its  empire  became  as  universal  as  its  name.  The  whirlpools 
of  Descartes  offered  but  a  feeble  resistance,  and  were  finally 
dashed  to  pieces  by  the  artillery  of  the  parabolic  comets;  and  the 
rubbish  of^  this  fanciful  mechanism  was  cleaned  out  as  completely 
as  the  cumbrous  epicycles  of  Ptolemy  had  been  dismantled  by 
Copernicus  and  Kepler.  The  mathematicians  certified  that  the 
solar  system  was  protected  against  the  inroads  of  comets,  and  the 
border  warfare  of  one  planet  upon  another,  and  that  its  stability 
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was  secare  in  the  hands  of  gravitation,  if  only  space  should  be 
kept  open,  and  the  dust  and  cobwebs  which  Newton  had  swept 
from  the  skies  should  not  reappear.  Prophetic  eyes  contemplated 
the  possibility  of  an  untimely  end  to  the  revolution  of  planets,  if 
their  ever-expanding  atmospheres  should  rush  in  to  fill  the  room 
vacated  by  the  maelstroms  of  Descartes.  When  it  was  stated 
that  the  absence  of  infinite  divisibility  in  matter,  or  the  coldness 
of  space,  would  place  a  limit  upon  expansion,  and,  at  the  worst, 
that  the  medium  would  be  too  attenuated  to  produce  a  sensible 
check  in  the  headway  of  planets,  and  when,  in  more  recent  times, 
even  Encke's  comet  showed  but  the  slightest  symptoms  of  mechan- 
ical decay,  it  was  believed  that  the  motion  was,  in  a  practical,  if 
not  in  a  mathematical  sense,  perpetual.  Thus  it  was  that  the 
splendors  of  analysis  dimmed  the  eyes  of  science  to  the  intrinsic 
diffic'ulties  of  Newton's  theory,  and  familiarity  with  the  language 
of  attraction  concealed  the  mystery  that  was  lurking  beneath  it. 
A  long  experience  in  the  treatment  of  gravitation  nas  supplied 
mathematicians  with  a  fund  of  methods  and  formulas  suited  to 
similar  cases.  As  soon  as  electricity,  magnetism  and  electromag- 
netism  took  form,  they  also  were  fitted  out  with  a  garment  of 
attractive  and  repulsive  forces  acting  at  a  distance :  and  the  theo- 
ries of  Cavendish,  Poisson,  Aepinus  and  Ampere,  endorsed  as  they 
were  by  such  names  as  lAplace,  Plana,  Liouville  and  Green,  met 
with  general  acceptance. 

The  seeds,  which  were  destined  to  take  root  in  a  later  genera* 
tion,  and  disturb,  if  not  dislodge,  the  prevalent  interpretation  of 
the  force  of  gravitation,  were  sown  by  a  contemporary  of  New- 
ton. They  found  no  congenial  soil  in  which  they  could  germi- 
nate and  fructify  until  the  early  part  of  this  century.  At  the 
present  moment,  we  find  the  luminuerous  ether  in  quiet  and  undi- 
vided possession  of  the  field  from  which  the  grosser  material  of 
ancient  systems  had  been  banished.  The  plenum  reigns  every- 
where ;  the  vacuum  is  nowhere.  Even  the  corpuscular  theory  of 
light,  as  it  came  from  the  hands  of  its  founder,  required  the  rein- 
forcement of  an  ether.  Electricity  and  magnetism,  on  a  smaller 
scale,  applied  similar  machinery.  If  there  was  a  fundamental 
objection  to  the  conception  of  forces  acting  at  a  distance,  cer^ 
tauily  the  bridge  was  already  built  by  which  the  difiiculty  could 
be  surmounted.  The  turning-point  between  the  (»ld  physics  and 
the  new  physics  was  reached  in  1837,  when  Faraday  published 
his  experiments  on  the  specific  inductive  capacity  of  substances. 
This  discovery  was  revolutionary  in  its  character,  but  it  made  no 
great  stir  in  science  at  the  time.  The  world  did  not  awake  to  its 
full  significance  until  the  perplexing  problem  of  ocean  telegraphs 
converted  it  from  a  theoretical  proposition  into  a  practical  reality, 
and  forced  it  on  the  attention  of  electricians.  The  eminent  scien- 
tific advisers  of  the  cable  companies  were  the  first  to  do  justice  to 
Faraday.  This  is  one  of  the  many  returns  made  to  theoretical 
electricity  for  the  support  it  gave  to  the  most  magnificent  com- 
mercial enterprise. 
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The  discovery  of  diamagnetiBm  famished  another  a^ament  in 
favor  of  the  new  interpretation  of  physical  action.     What  that 
new  interpretation  was,  is  well  described  by  Maxwell.     '^  Faraday, 
in  his  mind's  eye,  saw  lines  of  force  traversing  all  space,  where 
the  mathematicians  saw  centers  of  force  attracting  at  a  distance; 
Faraday  saw  a  medium  where  they  saw  nothing  bat  distance; 
Faraday  sought  the  seat  of  the  phenomena  in  real  actions  going 
on  in  the  medium ;  they  were  satisfied  that  they  had  found  it  in  a 
power  of  action  at  a  distance  impressed  on  the  electric  fluids." 
The  physical  statement  waited  only  for  the  coming  of  the  mathe- 
maticians who  could  translate  it  into  the  language  of  analysis,  and 
prove  that  it  had  as  precise  a  numerical  consistency  as  the  old 
view  with  all  the  facts  of  observation.     A  paper  published  by  Sir 
William  Thomson,  when  he  was  an  undergraduate  at  the  anive^ 
sity  of  Cambridge,  pointed  the  way.     Pro£  Maxwell,  in  his  mas- 
terly work  on  electricity  and  magnetism,  which  appeajred  in  187S, 
has  built  a  monument  to  Faraday,  and  unconsciously  to  himself 
also,  out  of  the  strongest  mathematics.     For  forty  years  mathe- 
maticians and  physicists  had  labored  to  associate  the  laws  of  elec- 
trostatics and  electrodynamics  under  some  more  general  expres- 
sion.    An  early  attempt  was  made  by  Gauss  in  1835,  but  his 
process  was  published,  for  the  first  time,  in  the  recent  complete 
edition  of  his  works.     Maxwell  objects  to  the  formula  of  dauss 
because  it  violates  the  law  of  the  conservation  of  energy.     Weber's 
method  was  made  known  in  1846 ;  but  it  has  not  escaped  the  crit- 
icism of  Helmholtz.     It  represents  faithfully  the  laws  of  Ampere 
and  the  facts  of  induction,  and  led  Weber  to  an  absolute  meas- 
urement of  the  electrostatic  and  electromagnetic  units.     The  ratio 
of  these  units,  according  to  the  formulas,  is  a  velocity ;  and  experi- 
ment shows  that  this  velocity  is  equal  to  the  velocity  of  light. 
As  Weber's  theory  starts  with  the  conception  of  action  at  a  dis- 
tance, without  any  mediation,  the  effect  would  be  instantaneous, 
and  we  are  at  a  loss  to  discover  the  physical  meaning  which  he 
attaches  to  his  velocity.     Gauss  abandoned  his  researches  in  elec- 
tromagnetism  because  he  could  not  satisfy  his  mind  in  regard  to 
the  propagation  of  its  influence  in  time.     Other  mathematicians 
have  worked  for  a  solution,  but  have  lost  themselves  in  a  cloud  of 
mathematical  abstraction.     The  two  theories  of  light  have  ex- 
hausted all  imaginable  ways  in  which  force  can  be  gradually  trans- 
mitted without  increase  or  loss  of  energy.     Maxwell  cut  tne  Gor- 
dian  knot  when  he  selected  the  luminiferous  ether  itself  as  the 
arena  on  which  to  marshal  the  electromagnetic  forces  under  the 
symbols  of  his  mathematics,  and  made  light  a  variety  of  electro- 
magnetic action.     His   analysis   gave  a  velocity  essentially  the 
same  as  that  of  Weber,  with  the  advantage  of  being  a  physical 
realitv  and  not  a  mere  ratio      Of  the  two  volumes  of  Mr.  Max- 
well,  freighted  with  the  richest  and  heaviest  cargo,  the  reviewer 
says:  "Their  author  has,  as  it  were,  flown  at  everything:  and, 
with  immense  spread  of  wing  and  power  of  beak,  he  has  nunted 
down  his  victims  in  all  quarters,  and  from  each  has  extracted 
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BomethiDg  new  and  interesting  for  the  intellectual  nourishment  of 
his  readers.''  Clear  physical  views  must  precede  the  application 
of  mathematics  to  any  subject.  Maxwell  and  Thomson  are  liberal 
in  their  acknowledgments  to  Faraday.  Mr.  Thomson  says: 
^^  Faraday,  without  mathematics,  divined  the  result  of  the  math- 
ematical investigation;  and,  what  has  proved  of  infinite  value  to 
the  mathematicians  themselves,  he  has  given  them  an  articulate 
language  in  which  to  express  their  results.  Indeed,  the  whole 
language  of  the  magnetic  field  and  lines  of  force  is  Faraday's.  It 
must  be  said  for  the  mathematicians  that  they  greedily  accepted 
it,  and  have  ever  since  been  most  zealous  in  using  it  to  the  best 
advantage." 

It  is  not  expected  that  the  new  views  of  physics  will  be  gen- 
erally accepted  without  vigorous  opposition.  A  large  amount  of 
intellectual  capital  has  been  honestly  invested  in  the  fortunes  of 
the  other  side.  The  change  is  recommended  by  powerful  physical 
arguments,  and  it  disenthralls  the  theories  of  science  from  many 
metaphysical  difficulties  which  weigh  heavily  on  some  minds.  On 
the  other  hand,  the  style  of  mathematics  which  the  innovation 
introduces  is  novel  and  complex ;  and  good  mathematicians  may 
find  it  necessary  to  go  to  school  a^ain  before  they  can  read  and 
understand  the  strange  analysis.  It  is  feared,  that  with  many,  who 
are  not  easily  deflected  from  the  old  ruts,  the  intricacies  of  the 
new  mathematics  will  outweigh  the  superiority  of  the  new  physics. 

The  old  question,  in  regard  to  the  nature  of  gravitation,  was 
never  settled:  it  was  simply  dropped.  Now  it  is  revived  with  as 
much  earnestness  as  ever,  and  with  more  intelligence.  Astronomy 
cast  in  its  own  mould  the  original  theories  of  electrical  and  mag- 
netic action.  The  revolution  in  electricity  and  magnetism  must 
necessarily  react  upon  astronomy.  It  was  proved  by  Laplace, 
from  data  which  would  now,  probably,  require  a  numerical  correc- 
tion, that  the  velocity  of  the  force  of  gravitation  could  not  be 
less  than  eight  million  times  the  velocity  of  light ;  in  fact,  that  it 
was  infinite.  Those  who  believe  in  action  at  a  distance  cannot 
properly  speak  of  the  transmission  of  gravitation.  Force  can  be 
transmitted  only  by  matter ;  either  with  it  or  through  it.  Ac- 
cording to  their  view,  action  at  a  distance  is  the  force,  and  it 
admits  of  no  other  illustration,  explanation  or  analysis.  It  is  not 
surprising  that  Faraday  and  others,  who  had  lost  their  faith  in 
action  at  short  distances,  should  have  been  completely  staggered 
by  the  ordinary  interpretation  of  the  law  of  gravitation,  and  that 
they  declared  the  clause  which  asserted  that  the  force  diminished 
witn  the  square  of  the  distance  to  be  a  violation  of  the  principle 
of  the  conservation  of  energy. 

Must  we  then  content  ourselves  with  the  naked  facts  of  gravita- 
tion, as  Comte  did,  or  is  it  possible  to  resolve  them  into  a  mode  of 
action,  in  harmony  with  our  general  experience,  and  which  does 
not  shock  our  conceptions  of  matter  and  force  ?  In  1 798,  Count 
Rumford  wrote  thus :  ^^  Nobody  surely,  in  his  sober  senses,  has 
ever  pretended  to   understand  the  mechanism  of  gravitation.^' 
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Probably  Rumford  had  never  seen  the  paper  of  Le  Sage,  publighed 
by  the  Berlin  Academy  in  1782,  in  which  he  expounded  his 
mechanical  theory  of  gravitation,  to  which  he  had  devoted  sixty- 
three  years  of  his  life.  In  a  posthumous  work,  printed  in  1818, 
Le  Sage  has  developed  his  views  more  fully.  He  supposed  that 
bodies  were  pressed  toward  one  another  by  the  everlasting  pelting 
of  ultramundane  atoms,  inward  bound  from  the  immensity  of 
space  beyond,  the  faces  of  the  bodies  which  looked  toward  each 
other  being  mutually  screened  from  this  bombardment.  It  was 
objected  to  this  hypothesis,  which  introduced  Lucretius  into  the 
society  of  Newton  and  his  followers,  that  the  collision  of  atoms 
with  atoms,  and  with  planets,  would  cause  a  secular  diminution  in 
the  force  of  gravity.  Le  Sage  admitted  the  fact.  But  as  no  one 
knew  that  the  solar  system  was  eternal,  the  objection  was  not 
fatal.  As  the  necessity  for  giving  a  mechanical  account  of  gravi- 
tation was  not  generally  felt  at  the  time,  the  theory  of  Le  Sage 
fell  into  oblivion.  In  1873,  Sir  William  Thomson  resuscitated  and 
republished  it.  He  has  fitted  it  out  in  a  fashionable  dress,  made 
out  of  elastic  molecules  instead  of  hard  atoms,  and  has  satisfied 
himself  that  it  is  consistent  with  modem  thermo-dynamics  and  s 
perennial  gravitation. 

Let  us  now  look  in  a  wholly  different  quarter  for  the  mechan- 
ical origin  of  gravitation.  In  1870,  Prof.  Guthrie  ^ave  an  account 
of  a  novel  experimeut,  viz :  the  attraction  of  a  light  body  by  a 
tuning-fork  when  it  was  set  in  vibration.  Thomson  repeated  the 
experiment  upon  a  suspended  eggshell  and  attracted  it  by  a 
simple  wave  of  the  hand.  Thomson  remarks  "  that  what  gave 
the  great  charm  to  these  investigations,  for  Mr.  Guthrie  himself^ 
and  no  doubt  also  for  many  of  those  who  heard  his  expositions 
and  saw  his  experiments,  was,  that  the  results  belong  to  a  class  of 
phenomena  to  which  we  may  hopefully  look  for  discovering  the 
mechanism  of  magnetic  force,  and  possioly  also  the  mechanism  by 
which  the  forces  of  electricity  and  gravity  are  transmitted."  By 
a  delicate  mathematical  analysis,  Thomson  arrives  at  the  theorem 
that  the  "  average  pressure  at  any  point  of  an  incompressible, 
frictionless  fluid,  originally  at  rest,  but  set  in  motion  and  kept  in 
motion  by  solids,  moving  to  and  fro,  or  whirling  round  in  any 
manner,  through  a  finite  space  of  it,"  would  explain  the  attractions 
just  described.  Moreover,  he  is  persuaded  by  other  effects  be- 
sides those  of  light,  that,  in  the  interplanetary  spaces  and  in  the 
best  artificial  vacuum,  the  medium  which  remains  has  "  perfectly 
decided  mechanical  qualities,  and,  among  others,  that  of  beine 
able  to  transmit  mechanical  energy,  in  enormous  quantities:"  and 
he  cherishes  the  hope  that  his  mathematical  theorems  on  abstract 
hydrokinetics  are  of  some  interest  in  physics  as  illustrating  the 
great  question  of  the  eighteenth  and  nineteenth  centuries — Is 
action  at  a  distance  a  reality,  or  is  gravitation  to  be  explained,  as 
we  now  believe  magnetic  and  electric  forces  must  be,  by  action  of 
intervening  matter? 
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In  1869  and  1873,  Pro£  Challis  of  Cambridge,  England,  pub- 

}hed  two  works  on  the  Principles  of  Mathematical   Physics. 

hey  embody  the  mature  reflections  of  a  mathematical  physicist  at 

16  adyanced  age  of  three  score  years  and  ten.     Challis  belieyes 

lat  there  is  sufficient  eyidence  for  the  existence  of  ether  and 

x>mB  as  physical  realities.     He  then  proceeds  to  say :  '*  The  fun- 

amental  and  only  admissible  idea  of  /arce  is  that  of  presstirey 

cert^d  either  actiyely  by  the  ether  against  the  surface  of  the 

Scorns,  or  as  reaction  of  the  atoms  on  the  ether  by  resistance  to 

lat  pressure.     The  principle  of  denying  fundamental  physical 

)nception8  from  the  indications  of  the  senses  does  not  admit  of 

igarding  gravity^  or  any  other  force  yarying  with  distance,  as  an 

tsential  quality  of  matter,  because,  according  to  that  principle, 

e  must,  m  seeking  for  the  simplest  idea  of  physical  force,  haye 

(gard  to  the  sense  of  touch.     Now,  by  this  sense,  we  obtain  a 

srception  of  force  as  pressure,  distinct  and  unique,  and  not  in- 

>lying  the  yariable  element  of  distance,  which  enters  into  the 

erception  of  force  as  deriyed  from  the  sense  of  sight  alone. 

hus,  on  the  ground  of  simplicity  as  well  as  of  distinct  percepti- 

ility,  the  fundamental  idea  of  force  is  pressure.^'     As  all  other 

latter  is  passiye  except  when  acted  upon  by  the  ether,  the  ether 

self,  in  its  quiescent  state,  must  haye  uniform  density.     It  must 

e  coextensive  with  the  yast  regions  in  which  material  force  is 

isplayed.     Challis  had  prepared  himself  for  the  elucidation  and 

efence  of  his  dynamical  theory  by  a  profound  study  of  the  laws 

r  motion  in   elastic  fluids.     From  the  mathematical  forms  in 

hich  he  has  expressed  these  laws  he  has  attempted  to  derive  the 

rincipal  experimental  results  in  light,  heat,  gravitation,  electricity 

dd  ma^etism.     Some   may  think  that  Mr.  Challis  has  done 

othin^  out  clothe  his  theory  in  the  cast-off  garments  of  an  obso- 

^  philosophy.     If  its  dress  is  old,  it  walks  upon  new  legs.     The 

iterplay  between  ether  and  atoms  is  now  brought  on  to  the  stage, 

ot  as  a  speculation  sustained  by  metaphysical  and  theological 

rguments,  but  as  a  physical  reality  with  mathematical  supports. 

diould  do  great  injustice  to  this  author  if  I  left  the  impression 

lat  he  himself  claimed  to  have  covered  the  whole  ground  of  his 

^tem  by  proof     Mathematical  difficulties  prevented  him  from 

caching  a  numerical  value  for  the  resultant  action  of  a  wave  of 

ther  upon  the  atom.     What  he   has  written   is  the  guide-post, 

ointing  the  direction  in  which  science  is  next  to  travel :  but  the 

nd  of  the  journey  is  yet  a  great  way  off     The  repeated  protests 

f  Mr.  Challis  against  the  popular  physics  of  the  day,  and  his 

old  proclamation  of  the  natiye,  independent  motion  of  the  ether, 

ave  aroused  criticism.     What  prevents  the  free  ether,  asks  the 

ite  Sir  John  Ilerschel,  from  expanding  into  infinite  space  ?     Mr. 

Shallis  replies  that  we  know  nothing  about  infinite  space  or  what 

appens  there ;  but  the  existence  of  the  ether,  where  our  experi- 

oce  can  follow  it,  is  a  physical  reality.     The  source  of  the  rao- 

.on  which  the  ether  acquires  is  not  the  sun :  for  the  most  efficient 

iuse  of  solar  radiation   is  gravitation  and  condensation.     Our 
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author  avoids  the  vicious  circle  of  making  gravitation,  first  the 
reason,  and  aftei'ward  the  consequence  of  the  motion  of  the  ether. 
He  says :  ^*  It  follows  that  the  sun's  heat,  and  the  heat  of  masses 
in  general,  are  stable  quantities,  oscillating,  it  may  be,  like  the 
planetary  motions,  about  mean  values,  but  never  permanently 
changing,  so  long  as  the  Upholder  of  the  universe  conserves  the 
force  of  the  ether  and  the  qualities  of  the  atoms.  There  is  no  law 
of  destructibility :  but  the  same  Will  that  conserves  can  in  a  mo- 
ment destroy."  The  following  remarks  upon  this  theory  deserve 
our  attention :  ^^  The  explanation  of  any  action  between  distant 
bodies  bv  means  of  a  clearly  conceivable  process,  going  on  in  the 
intervening  medium,  is  an  achievement  of  the  highest  scientific 
value.  Of  all  such  actions  that  of  gravitation  is  the  most  univer- 
sal and  the  most  mysterious.  Whatever  theory  of  the  constitu- 
tion of  bodies  holds  out  a  prospect  of  the  ultimate  explanation  of 
the  process  by  which  gravitation  is  effected,  men  of  science  will 
be  found  ready  to  devote  the  whole  remainder  ol  their  lives  to  the 
development  of  that  theory."- 

The  nypotheses  of  Chalfis  and  Le  Sage  have  one  thing  in  com- 
mon; the  motion  of  the  ether  and  the  driving  storm  of  atoms 
must  come  from  outside  the  world  of  stars.  "  On  either  theory, 
the  universe  is  not  even  temporarily  automatic,  but  must  be  fed 
from  moment  to  moment  by  an  agency  external  to  itself"  Our 
science  is  not  a  finality.  The  material  order  which  we  are  said  to 
know  makes  heavy  drafts  upon  an  older  or  remoter  one,  and  that 
again  upon  a  thira.  The  world,  as  science  looks  at  it,  is  not  self- 
sustaining.  We  may  abandon  the  hope  of  explaining  gravitation, 
and  make  attraction  itself  the  primordial  cause.  Our  refuge  then 
is  in  the  sun.  When  we  qualify  the  conservation  of  energy  by 
the  dissipation  of  energy,  the  last  of  which  is  as  much  an  induc- 
tion of  science  as  the  first,  the  material  fabric  which  we  have  con- 
structed still  demands  outward  support.  Thomson  calculates 
that,  within  the  historical  period,  the  sun  has  emitted  hundreds  of 
times  as  much  mechanical  energy  as  is  contained  in  the  united 
motions  of  all  the  planets.  This  energy,  he  says,  is  dissipated 
more  and  more  widely  through  endless  space,  and  never  has  been, 
probably  never  can  be,  restored  to  the  ^un,  without  acts  as  much 
Deyond  the  scope  of  human  intelligence  as  a  creation  or  annihila- 
tion of  energy,  or  of  matter  itself,  would  be. 

From  the  earliest  dawn  of  intellectual  life,  a  general  theory  of 
the  constitution  of  matter  has  been  a  fruitful  subject  of  debate, 
and  human  science  and  philosophy  have  ever  been  dashing  their 
heads  against  the  intractable  atoms.  The  eagerness  of  the  dis- 
cussion was  the  greater,  the  more  hopeless  the  solution.  For  every 
man  who  set  up  an  hypothesis  upon  the  subject  there  were  half  a 
dozen  others  to  knock  it  down ;  until  at  last  speculation,  which 
bore  no  fruit,  was  suspended.  A  lingering  interest  still  hung 
around  the  question,  whether  matter  was  not  infinitely  divisible, 
and  the  atomic  philosophers  were  not  chasing  a  chimera.  From 
every  new  decision  on  this  single  point  there  was  an  appeal,  and 
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the  foothold  which  the  atoms  had  secured  in  chemistry  was  gradu- 
ally subsiding.  Of  a  sudden,  the  atomic  theory  has  gained  a  new 
lease  of  life.  But  the  hero  of  the  new  drama  is  not  the  atom  but 
the  molecule.  In  all  the  physical  sciences,  including  astronomy, 
the  war  has  been  carried  home  to  the  molecules :  and  the  intellec- 
tual victories  of  this  and  the  next  generation  will  be  on  this  nar- 
row field.  From  the  outlying  provinces  of  physics ;  from  the  sun, 
the  stars  and  the  nebulsB ;  from  the  comets  and  meteors ;  from  the 
zodiacal  light  and  the  aurora ;  from  the  exquisitely  tempered  and 
mysterious  ether ;  the  forces  of  nature  have  been  moving  in  con- 
ver^ng  lines  to  this  common  battle-sround,  and  some  shouts  of 
victory  have  already  been  heard.  In  the  long  and  memorable  con- 
troversy between  Newton  and  Leibnitz,  and  their  adherents,  as  to 
the  true  measure  of  force,  it  was  charged  against  the  Newtonian 
rule  that  force  was  irrecoverably  lost  whenever  a  collision  occurred 
between  hard,  inelastic  bodies.  The  answer  was,  that  nature  had 
anticipated  the  objection  and  had  avoided  this  kind  of  matter. 
Inelastic  bodies  were  yielding  bodies,  and  the  force  which  had 
disappeared  from  the  motion  had  done  its  work  in  changing  the 
shape.  But  unless  the  body  could  recover  its  original  hgure  by 
elasticity,  there  was  no  potential  energy  and  force  was  ann^ilated. 
It  is  now  believed,  and  to  a  large  extent  demonstrated,  that  the 
force,  apparently  lost,  has  been  transformed  into  heat,  electricity, 
or  some  other  kind  of  molecular  motion,  of  which  the  change  of 
shape  is  only  the  outward  sign.  The  establishment  on  a  firm 
foundation  of  theory  and  experiment  of  the  so-called  conservation 
of  energy,  the  child  of  the  correlation  of  physical  forces,  is  one  of 
the  first  fruits  of  molecular  mechanics. 

It  i«  no  disparagement  of  this  discovery,  on  which  was  con- 
centrated the  power  of  several  minds,  to  call  it  an  extension, 
though  a  vast  one,  of  Newton's  law  of  inertia,  of  Leibnitz's  vis 
tfivaj  and  of  Hiiyghens'  and  Bernouilli's  conservation  of  living 
forces ;  these  older  axioms  of  mechanics  having  free  range  only 
in  astronomy,  where  friction,  resistance  and  collision  do  not  inter- 
fere. The  conservation  of  energy,  in  its  extended  signification, 
promi}»ea  to  be,  like  its  forerunners,  a  valuable  guide  to  discovery, 
especially  in  the  dark  places  into  which  physical  science  lias  now 
penetrated.  The  caution  which  Lagrange  has  given  in  reference 
to  similar  mechanical  principles,  such  as  the  conservation  of  the 
m(»tion  of  the  center  of  gravity,  the  conservation  of  moments  of 
rotation,  the  preservation  of  areas,  and  the  principle  of  least 
action,  is  not  without  its  applicability  to  the  new  generalization. 
Lagi'ange  accepts  them  all  as  results  of  the  known  laws  of  me- 
chanics and  not  as  the  essence  of  the  laws  of  nature.  The  most 
that  physical  science  can  assert  is  that  it  possesses  no  evidence  of 
the  destructibility  of  matter  or  force. 

It  is  not  pretended  that  the  existence  of  atoms  has  been  or  can 
be  proved  or  disproved.  Some  chemists  think  that  the  atomic 
theory  is  the  life  of  chemistry :  others  have  abandoned  it.  Its 
importance  is  lost  in  that  of  the  molecular  theory.  And  what  has 
ihj«  accomplished  to  justify  its  existence  ?     If  we  define  \Xift  moW 
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cule  of  any  substance  as  the  smallest  mass  of  that  snbstance  which 
retains  all  its  chemical  properties,  we  can  start  with  the  extensive 
generalization  of  Avogadro  and  Ampere,  that  the  same  volame  of 
every  kind  of  matter  in  the  state  of  vapor,  and  under  the  same 
pressure  and  temperature,  contains  an  equal  number  of  such  mole- 
cules. The  conception  of  matter  as  consisting  of  parts,  which  are 
perpetually  flying  over  their  microscopic  orbits  and  producing  by 
their  fortuitous  concourse  all  the  observed  qualities  of  bodies,  \% 
as  old  as  Lucretius.  He  saw  the  magnified  symbol  of  his  hypoth- 
esis in  the  motes  which  chase  one  another  in  the  sunbeam.  One 
of  the  Bemouillis  thought  that  the  pressure  of  gases  might  be 
caused  by  the  incesnant  impact  of  these  little  masses  on  the  vessel 
which  held  them.  The  discovery  that  heat  was  a  motion  and  not 
a  substance,  foreshadowed  by  Bacon,  made  probable  by  Ruraford 
and  Davy,  and  rigidly  proved  by  Mayer  and  Joule  when  they  ob- 
tained its  exact  mechanical  equivalent,  opened  the  way  to  the 
dynamical  theory  of  gases.  Joule  calculated  the  velocity  of  this 
promiscuous  artillery,  rendered  harmless  by  the  minuteness  of  the 
missiles,  and  found  that  the  boasted  guns  of  modem  warfare  could 
not  compete  with  it.  Clausius  consummated  the  kinetie  theory 
of  gases  by  his  powerful  mathematics,  and  derived  from  it  the  ex- 
pen  mental  laws  of  Mariotte,  Gav-Lussac  and  Charles.  By  the 
assumption  of  data,  more  or  less  plausible,  several  mathematicians 
have  succeeded  in  computing  the  sizes  and  the  masses  of  the  mole- 
cules and  some  of  the  elements  of  their  motion.  It  should  not 
be  forgotten  that  mathematical  analysis  is  only  a  rigid  system  of 
logic  by  which  wrongs  premises  conduct  the  more  surely  to  an  in- 
correct conclusion.  To  claim  for  all  the  conclusions  which  have 
been  published  in  relation  to  the  molecules  the  certainty  which 
fairly  beU^ngs  to  some  of  them  would  prejudice  the  whole  cause. 

One  of  the  most  interesting  investigations  in  molecular  mechan- 
ics was  published  by  Helmholtz  in  1868.  It  is  a  mathematical 
discussion  of  what  he  calls  ring-vortices  in  a  perfect,  frictionless 
fluid.  Helmholtz  has  demonstrated  that  such  vortices  }>ossess  a 
perpetuity  and  an  inviolability  once  thought  to  be  realized  only 
by  the  eternal  atoms.  The  ring-vortices  may  hustle  one  another, 
and  pass  through  endless  transformations,  but  they  cannot  be 
broken  or  stopped.  Thomson  seized  upon  them  as  the  imperson- 
ation of  the  indestructible  but  plastic  molecule  which  he  was 
looking  for,  to  satisfy  the  present  condition  of  physical  science. 
The  element  of  the  new  physics  is  not  an  atom  or  a  congeries  of 
atoms,  but  a  whirling  vapor.  The  molecules  of  the  same  substance 
have  one  invanable  and  unchangeable  mass  :  they  are  all  tuned  to 
one  standard  pitch  and,  when  incandescent,  emit  the  same  kind  of 
light.  The  music  of  the  spheres  has  left  the  heavens  and  conde- 
scended to  the  rhytlimic  molecules.  There  is  here  no  birth  or 
death  or  variation  of  species.  If  other  masses  than  the  precise  one 
which  represents  the  elements  have  been  eliminated,  where,  asks 
Maxwell,  have  they  gone  ?  The  spectroscope  does  not  show  them 
in  the  stars  or  nebulsB.  The  hydrogen  and  sodium  of  remotest 
space  are  in  unison  with  the  hydrogen  and  sodium  of  earth. 
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In  the  pliraseology  of  our  mechanics  we  define  matter  and  force 
as  if  they  had  an  independent  existence.  But  we  have  no  con- 
ception of  inert  matter  or  of  disembodied  force.  All  we  know  of 
matter  is  its  pressure  and  its  motion.  The  old  atom  had  only 
potential  energy ;  the  energy  of  its  substitute,  the  molecule,  is 
partly  potential  and  partly  kinetic.  If  it  could  be  shown  that  all 
the  phenomena  displayed  lu  the  iihysif^al  world  were  simply  trans- 
mutations of  tiie  origmal  energy  existing  in  the  molecules,  phys- 
ical science  would  be  satisfied.  Where  physit^al  science  ends, 
natural  philosophy,  which  is  not  wholly  exploded  from  our  vocab- 
ulary, begins.  Natural  philosophy  can  give  no  account  of  energy 
when  disconnected  with  an  ever  present  Intelligence  and  Will. 
In  Herschel's  beautiful  dialogue  on  atoms,  after  one  of  the  speak- 
ers had  explained  all  the  wonderful  exhibition  of  nature  as  the 
work  of  natural  forces,  Hermione  replies:  "  Wondeiful,  indeed! 
Anyhow,  they  must  have  not  only  good  memories  but  astonishing 
presence  of  mind,  to  be  always  ready  to  act,  and  always  to  act, 
without  mistake,  according  to  the  pnmary  laws  of  their  being,  in 
every  complication  that  occurs.*'  And  elsewhere,  "Action,  with- 
out will  or  effort,  is  to  us,  constituted  as  we  are,  unrealizable, 
unknowable,  inconceivable."  The  monads  of  Leibnitz  and  the  de- 
mons of  Maxwell  express  in  words  the  personality  implied  in  every 
manifestation  of  force. 
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L  Chemistry  and  Physics. 

1 .  Fluoxyboric  Acid, — Basarow  has  recently  investigated,  in 
the  laboratory  of  Professor  Wurtz,  the  acid  discovered  by  Gay 
Lussac  and  Thenard  in  1809,  and  by  them  called  fluoxyboric  acid, 
with  the  formula  HBOj(HF)j^.  Tne  acid  was  prepared  by  satu- 
rating water  with  boron  fluonde,  obtained  by  heating  in  a  plati- 
num retort  a  mixture  of  calcium  fluoride  and  Doric  oxide  with  sul- 
phuric acid.  The  water  readily  absorbed  the  gas  and  yielded  an 
acid  having  properties  exactly  described  by  its  discoverers.  On 
submitting  it  to  fractional  distillation,  however,  in  a  platinum 
retort,  nothing  but  boron  fluoride  was  evolved  at  140°  and  below, 
and  between  160°  and  170°,  there  came  over  a  fuming  liquid,  thick 
as  honey  and  with  a  specific  gravity  of  r'7'7'7.  From  this  point 
the  density  of  the  distillate  steadily  decreased,  that  coming  over 
at  200°  bemg  1  '577.  Redistillation  from  boric  oxide  increased  this 
density.  All  the  fractions  save  the  last  gave  an  abundant  precipi- 
tate of  boric  acid  on  being  mixed  with  water.  From  these  data, 
Basarow  concludes  that  fluoxyboric  acid  has  no  independent  ex- 
istence, since  it  cannot  be  fractionated.  He  believes  it  to  be  only 
a  solution  of  boric  acid  in  hydrofluoboric  acid,  the  analogy  being 
complete  between  the  reaction  of  BFg  and  that  of  SiF^  with 
water ;  only  in  the  latter  case  the  silicate  separates  as  a  gelatv 
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nous  mass,  and  in  the  former  the  aoid  remains  in  solution.  From 
the  equation 

(HB0,.(HE)3),=HB0,+(HF.BF,),+(H,0), 

the  relation  of  the  old  formula  to  Basarow's  view  is  shown.  By 
repeated  distillation  from  boric  oxide,  an  acid  of  density  1*712 
was  obtained  from  the  above  mentioned  distillates,  and  analyzed. 
While  the  formula  HB0j,.(HF)3  requires  boron  10*6,  fluorine  54-8, 
and  water  34*6  per  cent,  the  author  actually  obtained  boron  14-8, 
fluorine  47*0,  and  water  28*8  per  cent  as  a  mean  of  two  analyses. 
These  results  confirm  the  above  suspicion  and  prove  that  the  flu- 
oxyboric  acid  of  Gay  Lussac  and  Thenard  has  no  existence.  In 
the  course  of  his  research  Basarow  observed  that  one  c.c.  water  ab- 
sorbed at  0°  and  762  mm.  1057  c.c.  boron  fluoride. — BuU,  Soc  CT., 
n,  xxii,  8,  July,  1874.  G.  f.  b. 

2.  Ozone  not  produced  by  the  Oxidation  of  the  Essential  Oils. — 
Ever  since  the  discovery  of  ozone  by  Sch5nbein,  our  chemical  text- 
books have  repeated  his  statement  that  ozone  is  produced  by  the 
action  of  light  upon  oil  of  turpentine  in  presence  of  air.  In  order 
to  obtain  more  definite  knowledge  upon  the  subject,  Kingzett 
has  studied  the  question  very  thoroughly,  and  has  been  entirely 
unable  to  prove  the  production  of  ozone,  as  asserted.  [lis  first  ex- 
periments were  directed  to  ascertain  the  rate  of  absorption  of 
oxygen  by  turpentine  and  similar  bodies.  He  found,  for  example, 
that  turpentine  itself,  in  sunshine,  absorbed  86 "6  c.c.  of  oxygen 
daily,  but  in  the  shade  only  0*6  c.c;  from  air,  0*76  c.c.  Oil  of 
caraway  absorbed  :}  c.c.  daily,  oil  of  bergamot  3  c.c,  oil  of  juniper 
2*5  CO.,  oil  of  cubebs  2  c.c,  oil  of  lemon  1*2  c.c,  naphtha  0*7  cc, 
and  ether  0*19  c.c ;  benzol  showed  no  absorption  during 
forty  days.  On  agitating  these  oils,  after  the  absorption,  with 
potassium  iodide  and  starch  solution,  the  well-known  blue  colora- 
tion was  more  or  less  quickly  developed.  The  color,  however,  did 
not  appear  at  once,  but,  in  the  case  of  the  bergamot  especially, 
required  several  minutes.  In  confirmation  of  this  test,  an  oxy- 
genized oil  was  found  to  color  yellow  a  solution  of  potassium 
iodide,  resting  upon  it,  and  on  heating  to  70°,  to  turn  blue  a  piece 
of  potassium  iodide  and  starch  paper,  placed  in  the  mouth  of  the 
test-tube  containing  the  oil.  The  paper  also  became  rapidly  blue 
when  moistened  and  placed  over  the  oil  contained  in  a  clock-glass. 
On  testing  the  substance  formed  for  ozone,  it  was  observed  that 
neither  lead  or  manganese  paper  was  affected,  nor  w»Te  their  solu- 
tions changed  by  actual  contact  with  the  oil ;  a  mixture  of  sul- 
phuric and  chromic  acids,  however,  became  violet.  Confining  now 
the  experiments  to  turpentine,  a  quantity  of  this  substance  was 
placed  in  a  bottle  with  an  equal  volume  of  water,  air  was  slowly 
drawn  through  it  for  many  hours,  and  it  was  allowed  to  stand 
several  days  in  a  shallow  dish  exposed  to  the  air.  The  water,  on 
examination,  gave  the  blue  coloration  with  starch  paper,  precipi- 
tated manganese  dioxide  from  potassium  permanganate,  and  pro- 
duced a  violet  coloi-ation  with  chromic  and  sulphuric  acids ;  but 
caused  no  change  either  in  lead  acetate  or  manganese  sulphate. 
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The  oil  itself,  even  after  washing,  gave  hoth  the  starch  and  the 
chromic  acid  tests.  On  repeating  these  tests  in  vacuo,  no  differ- 
ence was  observed.  Hence  it  appears  that  oxidized  oil  of  turpen- 
tine contains,  even  after  washing,  a  body  with  the  reaetions  of 
hydrogen  dioxide.  To  test  this  hypothesis,  the  oil  was  treated 
with  lead  peroxide,  manganese  peroxide  and  sodium  hyposulphite. 
All  these  substances  appeared  to  destroy  the  active  agent,  but  in 
a  decreasing  order.  If  attached  oxygen  be  the  active  agent,  it 
must  be  more  stable  than  ordinary  ozone,  which  is  at  once  de- 
stroyed by  the  hyposulphite.  Noticing  that  heat,  so  far  from 
destroying  the  active  agent,  actually  increased  it,  equal  volumes 
of  turpentine  oil  and  water  were  distilled  incompletely.  The 
residual  oil  in  the  retort,  which  could  now  contain  neither  hydro- 
gen dioxide  nor  ozone,  still  gave  strong  reactions  with  the  starch 
and  chromic  acid  tests,  as  did  also  the  residual  water.  Neither 
the  oil  nor  the  water  of  the  distillate  gave  any  coloration  with 
either  reagent.  The  active  principle  present  can  therefore  be 
neither  ozone  nor  hydrogen  dioxide,  but  a  body  derived  from  the 
turpentine  by  the  action  of  air  and  water  upon  it.  Assuming  it 
to  be  the  hydrate  of  terpene  oxide,  CjQfljgO.HgO,  zinc  chloride 
should  destroy  it.  Accordingly,  active  turpentine  was  distilled 
with  zinc  chloride,  and  the  active  properties  were  entirely  de- 
stroyed. That  the  effect  was  not  due  to  the  heat  employed  appears 
from  the  fact  that,  heated  alone  to  75"^,  the  temperature  at  which, 
when  treated  with  zinc  chloride,  it  is  destroyed,  it  remains  still 
active.  At  the  boiling  point  of  the  turpentine,  160*,  it  disappears, 
llie  author  mentions  in  addition,  two  peculiar  reactions  of  this 
active  turpentine.  In  the  one,  the  oil  converted  yellow  mercuric 
oxide  into  a  black  powder,  losing  at  the  same  time  its  activity. 
In  the  other,  a  mixture  of  the  oil  and  acidulated  water  being 
electrolyzed,  the  oil  was  found  to  be  inactive.  In  consequence  of 
these  results,  the  conclusion  is  that  the  active  agent  in  turpentine 
oil  exposed  to  light  is  hydrate  of  terpene  oxide.  Experiments 
are  in  progress  to  prove  or  disprove  this  conclusion. — J,  (Jhem. 
^Soc.y  II,  xii,  511,  June,  1874.  g.  f.  b. 

3.  Action  of  the  Copper-zrnc  Couple  on  the  Chlorides  of  Ethy- 
lene and  Ethylidene, — Gladstone  .ind  Tribe  have  continued  their 
researches  on  the  action  of  the  copper-zinc  couple  discovered  by 
them,  upon  organic  bodies.  In  this  paper,  they  describe  its  ac- 
tion on  ethylene  and  ethylidene  chlorides,  which  are  isomers 
having  the  formula  C-H^Cflg.  The  former  had  a  specific  gravity 
of  1*272  at  14°,  and  its  refractive  index  for  A  was  I -4443.  The 
latter— prepared  from  ethyl  chloride  by  the  action  of  chlorine — 
boiled  at  61°,  had  a  specific  gravity  of  1*201  at  IS**,  and  its  re- 
fractive index  for  A  was  1-4183.  The  refraction  equivalent  of 
the  ethylidene  chloride  was  consequently  34*6,  that  of  the 
ethylene  chloride  34*5  ;  theory  gives  35.  The  action  of  the  zinc 
couple  alone  upon  either  of  these  chlorides  was  trifling  even  at 
the  boiling  temperature.  In  presence  of  water  a  small  action 
took  place;    and  in  presence   of  alcohol  the   action   was  more 
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energetic,  especially  on  the  ethylidene  compound.  Five  c.c.  of 
this  substance  mi'xed  with  twice  its  volume  of  absolute  alcohol 
was  added  to  twice  the  usual  quantity  of  the  couple,  and  the 
whole  heated  to  60°-62°  for  ten  hours  and  then  to  80®  for  three 
hours  more.  The  volume. of  eas  evolved  was  932  c.c,  the  theo- 
retical yield  being  989  c.c.  There  remained  in  the  flask  a  viscid 
liquid,  readily  soluble  in  absolute  alcohol  From  this  solution, 
water  precipitated  adnc  oxide.  The  atomic  ratio  between  the 
rinc  and  chlorine  was  1  : 1"08.  This  fact,  together  with  the  de- 
portment of  the  substance  to  heat,  leave  little  room  to  doubt  that 

C  H  O  ) 
the  body  is  zinc  chloroethylate      *     V,|  y  Ttn,     The  evolved  gas, 

except  five  per  cent  absorbable  by  fuming  sulphuric  acid,  was 
ethyl  hydride.     The  reaction  appears,  therefore,  to  be  as  follows : 

Since  the  action  of  the  couple  upon  ethyl  chloride  in  presence  of 
alcohol  should  produce,  by  analogy,  ethyl  hydride  and  zinc  chlo^ 
ethylate,  the  result  now  obtained  proves  the  somewhat  unexpected 
fact  that  the  replacement  of  an  atom  of  hydrogen  in  the  chloride 
by  one  of  chlorine  causes  no  other  effect  in  the  action  of  the  cou- 
ple than  the  production  of  a  second  molecule  of  the  chlorethylate. 
Probably,  therefore,  ethyl  chloride  is  intermediately  formed. 
Ethylene  chloride,  on  the  contrary,  when  he.ated  in  presence  of 
the  couple,  in  presence  of  alcohol,  acts  quite  differently.  Only  80 
c.c.  of  gas  was  evolved  even  jdter  five  hours  heating,  and  the 
atomic  ratio  of  zinc  and  chlorine  in  the  resulting  liquid  was  found 
to  be  1:1  '9.  The  action  of  the  couple  has  enabled  these  two 
isomers  to  be  clearly  distinguished  from  each  other  and  the  con- 
stitution of  the  former  to  be  fixed.  It  has  also  completed  the  list 
of  the  zinc  haloid  derivatives. — J,  Chem,  Soc.^  II,  xii,  616,  July, 
1874.  G.  F.  R 

IL  Geology  and  Natural  Histoky. 

1.  Notes  on  the  new  edition  of  Mr,  JDarwin'^a  work  on  the  Struc- 
ture and  Distribution  of  Coral  Reefs  (1874) ;  by  James  D.  Dana.* 
— Mr.  Darwin,  in  the  new  and  much  improved  edition  of  his  work 
on  Coral  Reefs,  mentions  some  points-  in  the  subject,  on  which  he 
still  finds  reason  to  differ  from  the  writer.  I  think  that  with 
regard  to  one  or  two  of  these  points  he  has  not  fully  understood 
my  views ;  and,  as  to  the  others,  that  the  arguments  and  facts 
which  I  have  brought  out  have  not  received  all  the  consideration 
they  deserve.  A  review  of  some  statements  in  his  work  may, 
therefore,  be  profitable.  I  follow  the  order  of  his  criticisms  as 
briefly  stated  m  the  first  half  of  his  preface. 

♦  The  Structure  and  Distribution  of  Coral  Reefa^  by  Chaeles  Darwdt,  M.A., 
F.RS.,  F.O.S.  Second  edition,  revised.  263  pp.  12mo,  with  three  platee. 
London,  1874.    (Smith,  Elder  &  Oo.) 
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(L)  The  second  sentence  of  the  PrefiEtce  is  as  follows : 

*^  In  this  work  [Dana's  Corals  and  Coral  Islands]  he  [the  author] 
justly  says  that  1  have  not  laid  sufficient  weight  on  the  mean  tem- 
perature of  the  sea  in  determining  the  distribution  of  coral  reefs ; 
but  neither  a  low  temperature  nor  the  presence  of  mud  banks 
accounts,  as  it  appears  to  me,  for  the  absence  of  coral  reefs  through- 
oat  certain  areas;  and  we  must  look  to  some  more  recondite 
cause.'' 

The  first  two  clauses  of  this  sentence  are  true — the  but  between 
them  being  removed,  as  it  may  lead  some  readers  to  suppose  the 
alternative  mine.  Yet  Mr.  Darwin's  work  does  not  snow  that 
even  now  he  appreciates  the  influence  of  oceanic  temperature  on  the 
distribution  of  coral  reefs.  In  his  discussions  on  tne  distribution 
of  reefis  and  the  causes  limiting  the  same,  this  agency,  the  chiefest 
with  marine  life,  both  for  depth  and  surface,  according  to  all 
zoologists,  is  scarcely  mentioned.  There  is  one  allusion  to  the 
Bubject  on  page  81.  Mr.  Darwin  says:  "I  at  first  attributed  this 
absence  of  reefs  on  the  coasts  of  Peru  and  of  the  Galapagos 
Islands  to  the  coldness  of  the  currents  from  the  south,  but  the 
Gulf  of  Panama  is  one  of  the  hottest  pelagic  districts  in  the 
world ;"  and  a  note  is  added,  giving  some  sea  temperatures  of  the 
region  referred  to.  Thus  the  cause  is  set  aside  even  for  the  seas 
along  the  Peruvian  coast,  although  the  mean  winter  temperature 
of  the  water  there  is  lower  than  exists  in  any  reef  region  in  the 
world,  and  is  therefore  sufficient  of  itself  to  exclude  reefs.  The 
fact  that  there  are  only  small  patches  at  Panama,  where  the  tem- 
perature is  tropical,  does  not  annul  the  fact  that  the  seas  of  Pei*u 
and  the  Galapagos  are  too  cold  for  corals.  Where  temperature 
excludes,  there  is  no  use  in  discussing  other  unfavorable  condi- 
tions. 

The  causes  limiting  growth  and  the  distribution  of  reef-making 
corals  and  coral  reefs,  which  I  have  discussed  and  applied  in  my 
work,  are  seven  in  number. 

(1.)  Marine  temperature. 

(2.)  Fresh  and  impure  waters  from  the  entrance  of  large  rivers; 
and  muddy  bottoms. 

(3.)  Deposition  of  sediment  borne  by  rapid  tidal  currents. 

(4.)  The  depth  of  water  along  coasts  exceeding  100  feet,  that  is, 
exceeding  the  depth  to  which  reef-corals  may  grow — a  common 
condition  alon^  bold  coasts,  and  often  explaining,  as  I  have  found, 
tbe  contrasts  between  the  reef-bordered  and  open  coasts  of  the 
same  island. 

(5.)  Exposure  to  the  heat  of  submarine  volcanic  eruptions  (pp. 
•299-317). 

(6.)  The  progressing  coral-island  subsidence  too  rapid  for  the 
polyps  to  keep  the  reef  well  at  the  surface,  if  at  all  (p.  270):  which 
cause  may  lead,  in  atoll  seas,  to  very  narrow  fringing  reefs ;  to 
small  sizes  in  coral  atolls  and  a  more  or  less  complete  obliteration 
of  the  lagoon ;  and  to  a  submerging  of  the  coral  island  beneath 
the  surface ;  or,  finally,  to  a  complete  disappearance  of  the  island 
(pp.  382,  869). 
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(7.)  The  direction  and  temperature  of  oceanic  currents  (p.  112): 
this  cause  accounting  for  the  non-distribution  of  central-Pacific 
species  of  corals  to  the  Panama  coast,  and  the  paucity  of  species 
tnere,  with  the  absence  of  the  large  Astnea  group  and  the  Madre- 
pores. 

On  this  last  point  I  say  in  explanation,  on  page  112 :  ^'  Owing  to 
the  cold  oceanic  currents  of  the  eastern  border  of  the  Pacific — one 
of  which,  that  up  the  South  American  coast,  is  so  strong  and 
chilling  as  to  push  the  southern  isocryme  [the  line  passing  through 
points  of  equal  mean  oceanic  temperature  for  the  coldest  monUi 
of  the  year]  of  68®,  the  coral-sea  boundary,  even  beyond  the 
Galapagos,  and  north  of  the  equator— the  coral-reef  sea,  just  east 
of  Panama,  is  narrowed  to  20°,  which  is  36®  less  of  width  than  it 
has  in  mid-ocean ;  and  this  suggests  that  these  currents,  by  their 
temperature,  as  well  as  by  their  usual  westward  direction^  have 
proved  an  obstacle  to  the  transfer  of  mid-ocean  species  to  the 
Panama  coast."  For  the  same  reason,  the  transfer  of  corals — 
wann-water  species — from  the  West  Indies  or  Bermudas,  east- 
ward, to  western  Africa^  is  impossible.  The  width  of  the  coral 
reef  region  on  the  African  side  of  the  Atlantic  is  only  15°,  while 
it  is  48°  toward  the  American  coast,  and  the  tropical  current  is 
eastward. 

A  proper  understanding  of  the  action  of  the  various  causes 
influencing  the  growth  and  distribution  of  polyps  and  reefs,  which 
have  been  mentioned  in  the  preceding  paragraphs,  may  leave  much 
less  than  has  been  imagined  for  that  "  more  recondite  cause." 

I  did  not  think  to  include  among  the  causes  a  too  rapid  upward 
change  of  level — on  which  Mr.  Darwin  lays  much  stress.  But  I 
recoujnized  the  fact  that  when  a  rise,  like  that  which  has  occurred 
at  the  island  of  Oahu  [putting  an  extended  range  of  reef  thirty 
feet  out  of  water],  takes  place,  and  so  divides  the  area  of  reef  into 
an  elevated  and  non-elevated  portion,  the  latter  will  be,  on  this 
account,  narrower  than  it  would  have  been  had  the  land  been 
stationary.  But  the  cause  does  not  appear  to  me  to  have  very 
many  examples. 

(II.)  The  third  sentence  of  the  Preface  reads  thus: 

"  Professor  Dana  also  insists  that  volcanic  action  prevents  the 

frowth  of  coral  reefs  much  more  effectually  than  I  had  supposed; 
ut  how  the  heat  or  poisonous  exhalations  from  a  volcano  can 
affect  the  whole  circumference  of  a  large  island  is  not  clear." 
And  this  is  followed  by  the  remark :  "  Nor  does  this  fact,  if  fully 
established,  falsify  my  generalization  that  volcanos  in  a  state  of 
action  are  not  found  within  the  area  of  subsidence,  whilst  they 
are  often  present  within  those  of  elevation." 

In  my  discussion  of  this  subject  I  have  attributed  the  destruc- 
tion here  referred  to  about  islands  of  active,  or  recently  active, 
volcanos,  not  to  aerial  eruptions,  as  might  be  suspected  from  Mr. 
Darwin's  words,  but  to  submarine ;  and  I  happen  to  have  said 
nothing  about  "  exhalations."  I  have  drawn  my  conclusions  espe- 
cially from  four  examples  (pp.  302,  305,  306),  the  island  of  Hawaii 
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(Sandwich  Islands),  about  which  recent  eruptions,  and  partly  sub- 
marine, have  taken  place  on  the  east,  southeast,  south  and  west 
slopes  of  the  island,  or  through  more  than  half  of  its  circumference ; 
Savaii,  the  largest  of  the  Samoan  or  Navigator  Islands,  and  the 
last  of  the  group  to  become  extinct,  as  its  lava  streams  show ;  the 
eastern  half  of  Maui,  whose  great  crater  must  have  been  recently 
in  action,  while  the  western  half  bears  the  fullest  evidence  of  long 
extinction ;  and  the  northern  extremity  of  the  Ladrones.  I  state 
that  reefe  often  occur  on  favored  parts  of  even  such  volcanic 
islands,  as  they  well  might  if  submarine  eruptions  were  the  cause, 
and  I  mention  examples ;  thus  agreeing  with  Mr.  Darwin^s  criti- 
cism that  "  the  existence  of  reefs,  though  scantily  developed,  and, 
according  to  Dana,  confined  to  one  part  of  Hawaii,  shows  that 
recent  volcanic  action  does  not  prevent  their  growth."  My  state- 
ment about  that  Hawaiian  reef  is  worded  thus :  '*  the  only  spot  of 
reef  seen  by  us  was  a  submerged  patch  off  the  southern  cape  of 
Hilo  Bay."  Mr.  Darwin  cites  an  observation  with  regard  to  the 
occurrence  also  of  reefs  on  the  northern  coast  of  Hawaii,  which 
accords  precisely  with  the  principle  I  have  laid  down,  since  the 
northern  part  of  the  island  is,  as  I  state  in  my  Geological  Keport 
of  the  island,  that  which  was  earliest  extinct,  and  is  oldest  in  all  its 
features,  and  therefore  that  which  would  not  have  been  reached 
by  the  submarine  eruptions.  The  western  peninsula  of  Maui,  or 
the  old  part,  has  its  coral  reefs,  while  the  eastern,  or  part  recently 
active,  has  almost  none.  Savaii,  in  like  manner,  has  coral  reefs 
on  its  western  and  northern  shores,  while  elsewhere  without  them. 

I  failed  to  find  evidence  in  the  case  of  either  of  these  volcanic 
regions  that  they  are  situated  within  areas  of  elevation  rather 
than  subsidence.  Only  ten  miles  west  of  Savaii  lies  the  large 
island  of  XJpolu,  having  very  extensive  reefs — on  some  parts  of  the 
north  side  three-fourths  of  a  mile  wide ;  and  it  has  not  seemed  safe 
to  conclude  that,  while  XJpolu  thus  bears  evidence  of  no  movement 
or  of  but  little  subsidence,  Savaii  was  one  of  elevation ;  or  that  the 
north  and  west  sides  of  Savaii  have  differed  in  change  of  level 
from  the  rest  of  the  island.  In  the  island  of  Maui,  having  reefs 
on  its  old  western  half,  it  can  hardly  be  that  the  eastern  peninsula 
has  changed  its  level  quite  independently  of  the  western.  In  the 
linear  group  of  the  Ladrones  the  active  volcanos  are  at  the  north 
end;  the  islands  of  the  group  are  very  small  at  that  end,  without 
coral  reefs,  while  large  at  the  other  and  with  broad  reefs.  One 
of  them,  Assumption  Island,  near  which  our  Expedition  passed,  is 
only  a  small,  steep,  cinder  cone,  the  vent  of  a  submerged  vol- 
canic mountain.  Such  facts  afford,  therefore,  some  reason  for  my 
statement  that  "the  Ladrones  appear  to  have  undergone  their 
greatest  subsidence  at  the  northern  extremity  of  the  range ; "  and 
no  observations  yet  made  suggest  the  contrary  view. 

The  general  proposition,  that  active  volcanos  are  absent  from 
areas  of  subsidence  appears  to  me  to  need  better  proof  than  it  has 
received.  As  regards  the  Pacific  Ocean,  I  have  found  nothing  to 
sustain  it.  The  subsidence  of  the  coral  island  area  of  the  ocean 
was  one  of  so  vast  extent — the  breadth  4000  miie^^  ^kCCOTdcvxv^  \i^ 
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Mr.  Darwin — that  the  sinking  could  have  been  no  obstacle  to  the 
existence  and  cotemporaneous  working  of  volcanos. 

(IIL)  The  next  point  in  the  Preface  is  a  right  correction  of  a 
misunderstanding  on  my  part  of  one  of  Mr.  Darwin^s  statements. 
It  says:  "Professor  Dana  apparently  supposes  (p.  320)  that  I  look 
at  Mnging  reefs  as  a  proof  of  the  recent  elevation  of  the  land, 
but  I  have  expressly  stated  that  such  reeft,  as  a  general  rale,  indi- 
cate that  the  land  has  either  long  remained  at  the  same  level,  or 
has  been  recently  elevated.  Nevertheless,  from  upraised  recent 
remains  having  been  found  in  a  large  number  of  cases  on  coasts 
which  are  fringed  by  coral  reefs,  it  appears  to  me  that,  of  these 
two  alternatives,  recent  elevation  has  been  much  more  frequent 
than  a  stationary  condition.." 

When  my  work  passes  to  a  second  edition,  I  shall  make  the 
needed  correction. 

But  I  still  hold  that,  while  barrier  reefis,  as  Mr.  Darwin  urges, 
are  proofs  of  subsidence,  small  or  fringing  reefs  are  in  themselves 
no  certain  evidence  of  a  stationary  level,  and  are  often  evidence 
of  subsidence,  even  a  greater  subsidence  than  is  implied  by  barrier 
reefs.  I  have  already  stated  that  one  cause  limiting  distribution 
of  reefs  is  bold  shores,  a  wall  of  rock  of  even  a  hundred  and  fifty 
feet  ))roducing  a  complete  exclusion.  If  Tahiti  were  to  subside 
two  thousand  feet,  it  would  be  an  island  of  precipitous  shores  all 
around,  like  the  Marquesas,  instead  of  one  witn  broad  shore  planes. 
Such  bold  shores  are  evidence  of  subsidence ;  and  as  only  very 
small  reefs,  if  any,  could  find  footing  about  such  an  island,  the 
narrow  reef  would  be  another  consequence  of  the  subsidence,  and 
no  evidence  of  a  stationary  condition.  Again,  the  gradual  sinking 
of  an  atoll,  like  the  Gambler  group,  or  of  a  Tahiti  with  its  barrier 
reefs,  at  a  rate  a  little  fast  for  the  growing  corals,  would  neces- 
sarily contract  the  reef  region,  reduce  the  barrier  reefs  of  a 
Tahiti  to  narrow  frineing  reefs ;  and  make  an  atoll,  however 
large,  a  small  atoll  with  the  reef-border  narrow  and  the  lagoon 
perhaps  obliterated.  An  atoll  thus  reduced  to  a  sand  bank  is  an 
example  of  the  effects  of  subsidence,  and  affords  no  evidence  of 
elevation  or  of  a  long  stationary  condition  of  the  region ;  and  the 
same  may  be  true  of  a  region  of  narrow  fringing  reefs.  I  landed 
on  two  of  the  small  coral  islands  of  the  equatorial  Pacific  which 
are  in  just  the  condition  here  described;  and  my  book  contains 
descriptions  of  others  from  a  good  observer,  J.  I).  Hague,  who 
resided  on  them  several  months  "for  the  purpose  of  studying  the 
character  and  formation  of  the  deposits"  of  guano.  I  found  the 
depression  of  the  old  lagoon,  in  one  case  partly,  in  the  other 
wholly,  diT ;  and  I  found  also  that  the  living  reefs  around  were 
narrow.  Sir.  Darwin  inclines  to  regard  islands  of  this  kind  as 
either  evidence  of  no  movement,  or,  of  elevation.  On  the  con- 
trary, since  the  coral-islands  of  the  south  Pacific  diminish  in  size 
toward  the  region  of  these  small  islands,  and  since  the  region 
just  beyond,  to  the  north  and  northeast,  is  free  from  islands,  and 
since  all  the  features  are  such  as  would  come  to  them  from  a  con- 
tinuation of  the  coral  island  subsidence  to  its  nearly  fatal  end, 
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I  believe  still  that  I  was  right  in  considering  the  ocean  bottom  in 
this  part  to  have  undergone  a  general  subsidence  greater  than 
that  to  the  south,  southwest  and  west,  where  the  atolls  and  barrier 
reefs  are  large. 

Again,  if  submarine  eruptions  are  destructive,  narrow  reefs  may 
exist  about  volcanic  islands  that  are  undergoing  a  subsidence. 
Making  a  reef  is  slow  work;  and,  judging  from  the  eruptions  of 
the  present  century  about  Hawaii,  reefs  would  have  had  a  poor 
chance  in  the  past  to  form,  except  along  the  coasts  that  were  out 
of  reach  of  the  submarine  action. 

With  so  many  causes  for  the  existence  of  narrow  or  fringing 
reeft,  or  of  small  patches  of  corals,  it  is  assuredly  unsafe  to  make 
them,  without  other  corroborating  testimony,  evidence  of  a  sta- 
tionary condition  of  a  region,  or  of  an  elevating  movement  rather 
than  a  subsiding. 

(IV.)  The  next  point  in  the  Preface  is  stated  as  follows: 

'*Profesor  Dana  further  believes  that  many  of  the  lagoon 
islands  in  the  Paumotu  or  Low  Archipelago  and  elsewhere  have 
recently  been  elevated  to  a  height  of  a  few  feet  [elsewhere  stated, 
two  or  three  feet]  although  formed  during  a  period  of  subsidence ; 
but  I  shall  endeavor  to  show,  in  the  sixth  chapter  of  the  present 
edition,  that  lagoon-islands  which  have  long  remained  at  a  sta- 
tionary level  onen  present  the  false  appearance  of  having  been 
slightly  elevated."  And,  in  the  bod^  of  the  work,  where  the  sub- 
ject is  taken  up  (p.  168),  Mr.  Darwin  remarks  that  my  belief  in 
these  small  local  elevations  is  grounded  chiefly  on  the  shells  of 
Tridacnas  embedded,  in  their  living  positions,  in  the  coral  rock  at 
heights  where  they  could  not  now  survive. 

The  catalogue  of  such  elevations  which  I  give — after  a  dozen 
pages  devoted  to  a  discussion  of  the  evidence  respecting  each — ^is 
as  follows : 


Paumota  Archipelago, 

(1                It 
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Tahitian  Group, 

11  II 

Kerrey  and  Rurutu  Groups, 
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ToDgan  Group, 

4l  II 


II 
il 


II 


14 


Honden, 2  or  3 

Clermont  Tonnerre, 2  or  3 

Nalrsa  or  Dean's, 6 

Eaizabeth,   80 

Metia  or  Aurora, 250 

Dude's,   lor  2? 

Tahita,   0? 

Bolabola, ? 

Atiu, 12? 

Mauke, somewhat  elevated 

Mitiaro, "  " 

Mangaia, 300 

Rurutu,   1 160 

Remaining  Islands, 0? 

Eua, 300? 

Tongatabu, 60  to  60 


Savage  Island, 

Samoan  or  Navigator  Islands, 
KorUi  of  Samoa,    


Namuka  and  the  Hapaii, 
Vavau, 


II 
II 


II 
II 


Swain's, 

Fakaaf o,  or  Bowditch, 

Oatafu,  or  Duke  of  York's, 


25 

100 

100 

0 

2  or  3 

3 

2  or  3 
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Scattered  Equatorial  Islazids,       Washington, 2or3f 

"               "             "             Christmas, T 

Jarvis's, 8  or  10 

Malden^s, 25  or  30 

Starbuck's, T 

Penrhyn^s, 35 

Flint's  and  Starer's, ? 

Baker's, 5  or  6 

Howland's. ? 

Phoenix  and  McEean's, 0 

EnderboTT's, 2  or  3? 

Newmarket,  6or8T 

Gardner's,  Hull's,  Sydney,  Bimie's,..  Of 

Feejee  Islands,   Yiti  Leyu  and  Yanua  Levu,  OtbUu,  .  5  or  6T 

Eastern  Islands, Of 

North  of  Feejees, Home,  Wallis,  EUice,  Depeyster, Of 

Sandwich  Islands, Kauai, lor2 

"             "        Oahu, 25or30 

"             "        Molokai,    300 

»•              "        Maui, 12 

Gilbert  Islands, Taputeuea, 2  or  3 

"           "        Nonouti,  Kuria,  Maiana  and  Tarawa,  Sormorei 

"           "        Apamama, 6 

"           "        Apaiang  or  Charlotte, 6  or  7 

"           "        Marakei,  Sormore. 

"           "        Makin, f 

Carolines, McAskill's,  60 

Ladrones, Guam,   600 

"         Rota,   600 

Feis, 90 

PelewB, Of 

New  Hebrides,  New  Caledonia,  Salomon  Islands, none  ascertained. 

Of  the  cases  of  elevation  here  included,  in  anli/  two  are  shells 
of  Tridacnas  alluded  to ;  these  are  Honden  Island  and  Clermont 
Tonnerre,  in  the  Paumotus.  It  is  not  necessary  to  go  over  the 
evidence  for  the  several  cases,  as  it  is  stated  at  length  in  my 
work. 

Mr.  Darwin,  while  speaking  on  the  subject  of  local  elevations, 
on  p.  176,  and  discussing  the  facts  as  regards  the  Samoan  (Navi- 
gator) Islands,  adds  that  "  in  another  place  he  [Mr.  Dana]  says 
(p.  326)  that  some  of  the  [Samoan]  islands  have  probably  sub- 
sided." From  the  remark  the  reader  would  infer  that  this  Samoan 
subsidence  was  a  local  subsidence,  like  the  elevations  under  con- 
sideration. But  in  fact  my  statement  is  in  a  chapter  on  the 
general  coral-island  subsidence,  and,  on  the  page  there  referred  to 
(p.  326),  I  cite  Mr.  Darwin's  conclusions  as  to  the  Gambler  Island 
subsidence,  and  put  with  it  my  own  from  the  width  of  the  reefe 
of  Upolu  and  otner  reef-bordered  islands.  At  the  same  place  I 
allude  to  the  greater  subsidence  of  Tutuila — the  island  next  to 
the  west,  as  proved  by  its  bold  si i ores  and  small  reefs. 

In  conclusion,  if  I  differ  widely,  for  the  reasons  above  stated, 
from  Mr.  Darwin,  as  to  the  limits  of  the  areas  of  subsidence  and 
elevation  in  the  Pacific,  and  believe  that  the  new  edition  of  his 
work  shows  little  appreciation  of  some  of  the  most  important 
causes  that  have  limited  the  distribution  of  coral  reefs,  I  have,  as 
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I  say  in  my  work,  the  fullest  satisfaction  in  his  theory  for  the 
origin  of  atoll  an<l  barrier  forms  of  reefs,  and  in  the  array  of  facts 
of  his  own  observation  which  illustrate  the  growth  of  coral  for- 
mations. 

2.  The  MinercUogiccU  and  Geological  Collections  of  the  late  Dr. 
Glerard  Troost,  formerly  of  Nashville,  Tenn.,  have  been  purchased 
for  the  sum  of  $20,000  by  the  Trustees  of  the  Public  Library  in 
the  city  of  Louisville,  Ky.  Dr.  Troost's  w©ll  known  cabinets,  the 
fruits  of  more  than  forty  years  of  industrious  collecting,  contains 
13,582  specimens  in  mmeralogy,  2,815  organic  remains,  between 
2,000  and  3,000  rock  specimens,  besides  a  considerable  collection 
of  modem  shells  and  some  archaeological  specimens.  The  miner- 
alogical  collection  is  catalogued  and  minutely  described  in  two 
large  manuscript  volumes. 

3.  Mineralogical  Contributions  of  G,  vom  Hath^  of  Bontt, 
No.  xiii.  (Pogg.  Ann,,  clii,  1874.^ — ^This  new  number  of  Vom 
Rath's  mineralogical  papers  contains  notes  on  the  crystallization 
of  Tridymite ;  on  a  crystal  of  calcite  from  the  amygdaloid  of  the 
Lake  Superior  region ;  a  peculiar  twinning  of  rutile  and  hematite ; 
remarkable  crystals  of  artificial  native  copper;  hypersthene  of 
Mount  Dore  in  Auvergne ;  on  Foresite,  a  new  zeolite  from  the  granite 
of  Elba ;  and  the  notes  at  the  close  contain  observations  on  some 
triciinic  feldspars,  and  on  crystals  of  cordierite,  from  Lake  Laach. 
The  article  is  illustrated  by  a  large  plate  containing  numerous 
excellent  figures  of  the  crystals  described.  A  large  part  of  them 
represent  remarkable  twins  of  the  species  tridymite.  The  new 
zeolite,  Foresite^  is  orthorhombic,  and  near  stilbite  in  form,  with 
a  very  distinct,  pearly  cleavage  parallel  to  t-1  Octahedral  faces 
on  the  summit  make  an  angle  of  about  121°  with  t-l  and  132°  with 
O.  G=:7-403--7407  (at  170''  C).  A  mean  of  the  analyses  gives 
silica  49*96,  alumina  27*40,  lime  5*47,  magnesia  0*40,  potash  0*77, 
soda  1*38,  water  15*07 ;  from  which  the  oxygen  ratio  for  the  pro- 
toxide, alumina,  silica  and  water  is  1:6:12:6. 

4.  Fifth  Annual  Iteport  of  the  Geological  Survey  of  Indiana^ 
made  during  the  year  1873;  by  E.  T.  Cox,  State  Geologist; 
assisted  by  Professor  John  Collett,  Professor  W.  W.  Bobden 
and  Dr.  G.  31  Levettb.  494  pp.  8vo,  with  four  maps. — This 
volume  opens  with  a  Report  on  tne  Vienna  Exposition  of  1873,  to 
which  Mr.  Cox  was  Commissioner  from  Indiana ;  and  a  chapter 
on  Spiegeleisen  Manufacturing  by  H.  Hartmann.  After  these 
follows  the  Geological  Report,  in  which  the  geology  of  several  of 
the  counties  of  the  State  is  described,  and  information  is  given 
respecting  various  mineral  products  of  economical  importance, 
with  analyses  of  iron  ores,  limestones  and  hydraulic  cement  rocks. 

5.  Palceozoic  Fossils.  Vol.  II,  Part  i.  By  E.  Billings,  F.G.S., 
Paleontologist  of  the  Geological  Survey  of  Canada  under  Alfred 
C.  Selwyn,  Director.  144  pp.  8vo,  with  9  lithographic  plates  of 
figures  of  fossils. — Mr.  Billings  continues  in  this  volume  the  pub- 
lication of  his  very  valuable  paleontological  labors  connected  with 
the  Geological  Survey  of  Canada.  It  treats  of  fossils  of  the  Gasp6 
series  of  rocks  (which  are  Upper  Silurian  and  DevomaivAXi  ^^'^^•'^ 
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on  new  foseUs  from  the  Primordial  of  Newfoundland ;  on  the 
genus  Stricklandiniay  and  the  Canadian  species ;  on  the  structure 
of  the  Crinoidea,  Cystidea  and  Blastoidea ;  on  some  fossils  of  the 
Arisaig  series  of  rocks  (Nova  Scotia  Upper  Silurian). 

6.  Bevision  of  the  Genera  and  Species  of  the  TidipeoB  ;  by  J.  6. 
Baker,  F.L.S.  Jour.  Linn.  Society,  14,  no.  76,  July,  1874. — This 
important  monograph  fills  almost  a  hundred  pa^es  of  the  Linnean 
Society^s  Journal.  It  is  prefaced  by  an  instructive  account  of  the 
structure  of  the  flowers,  miit,  and  especially  of  the  bulbs  of  this 
group.  Mr.  Baker  remarks  that :  '*  The  group  now  under  considera- 
tion has  never  an  introrse  dehiscence  of  the  anther,  and*  in  this  re- 
spect recedes  from  the  typical  JMiacem^  as  I  intend  to  explain  more 
fully  further  on."  Yet  we  find  it  nowhere  explained  now  there 
can  be  any  more  typical  LUiacece  than  LUium  itself  and  its  nearest 
allies.  As  might  be  expected,  he  is  ^^  now  ^uite  satisfied"  that 
JjUiacecB  and  (JolchicaceoB  are  not  to  be  ordmally  separated,  by 
considerations  drawn  from  the  Liliaceous  side, — a  conclusion  which 
study  of  the  Melanthaceous  and  other  genera  will  be  likely  to 
confirm. 

The  Tulipaceous  genera  are  here  reduced  to  six :  JfViiiUaria^ 
with  55  admitted  species,  Tulipa  with  48,  LUium  with  46,  Caio- 
ehortus  with  21,  Erythronium  with  5,  and  Lloydia  with  4  spe- 
cies. Nearly  all  inhabit  the  northern  hemisphere;  Tulipa  be- 
longs wholly  to  the  Old  World,  and  Cahchortua  to  the  western 
part  of  the  New.  The  Lilies  appear  to  be  well  disposed  under  five 
subgenera,  and  the  characters  of  the  bulbs  play  a  conspicuous 
part  in  specific  definition.  Dr.  Kellogg's  X.  Waehingtonianum  of 
California  is  our  sole  representative  of  the  Eulirion  subgenus ;  Z. 
Philadelphicum  and  X.  Cateshoeiy  of  leolirion;  while  of  the  Mar- 
tagon  section  we  rejoice  in  Z.  (Janadense  of  the  east,  with  three 
Californian  or  Pacific  varieties  appended ;  L.  pardalinum  Kellogg, 
with  three  appended  varieties,  one  of  which,  Bourgcei^  from  Lake 
Winnipeg,  needs  further  looking  to,  being  far  out  of  range ;  L 
euperbum^  with  L,  Carolinianttm  Michx.  as  a  variety  (the  flowers 
of  this,  as  we  know  it,  are  often  smaller  than  in  the  larger  forms 
of  X.  Canadense,  and  the  bulbs  of  the  two  by  no  means  so  distinct 
as  the  character  would  imply) ;  L,  Roedii  of  Utah,  and  the  coast 
range  of  California,  said  to  be  known  by  its  narrow  acute  perianth- 
segments  ;  L,  Columbianum  of  Hanson,  from  Oregon,  said  to  be 
distinguished  from  the  smaller  L.  Canadense  mainly  bv  the  want 
of  rhizoma  to  the  bulb ;  and  X.  Humboldt  it  of  Roezl,  to  which 
Kellogg's  Bloomerianmn  is  referred. 

Of  the  ten  subgenera  of  FritiUaria,  six  have  tunicated  bulbs 
and  belong  to  the  Old  World — with  one  exception,  if  we  follow 
Mr.  Baker.  For  he  refers  to  his  third  subgenus  our  American 
T'T  pudica  (LUium  f  pudicum  Pursh,  and  Amblirion  pudieum 
Raf.),  and  accordingly  gives  to  that  coated-bulbed  subgenus 
Rafinesque's  name,  Amblirion.  If  he  has  really  verified  this 
character  in  our  pretty  little  species,  all  is  well ;  but  the  bulb 
certainly  appears  to  have  the  same  structure  as  the  other  Ameri- 
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can  species,  viz :  a  solid  body  producing  numerous  granules  or 
granular  scales.  The  eight  remaining  American  FritiUarioe  are 
distributed  among  three  subgenera,  which  as  to  our  species  will 
hardly  hold  good.  We  do  not  reckon  F,  cUba  of  Nuttall's  Genera, 
which  is  doubtless  a  CalochartitSy  and  probably  C,  NuttaUiL 
The  Crown-Imperial  (PetUium)^  Asiatic  and  with  scaly  bulb, 
forms  the  tenth  subgenus. 

Mrythronium  has  a  majority  of  American  species.  The  key 
confines  iK  ffrandiflorum  to  yellow  flowers,  which  does  not  accord 
with  most  of  the  Califomian,  and  seemingly  also  of  the  Oregon 
plants  referred  to  this  species.  E.  propuUans  is  remarkable  for 
its  small  flowers  as  well  as  for  the  remoteness  of  the  new  bulb. 
After  what  has  been  done  for  CcUochortus  by  Mr.  Watson  in  this 
country  and  Mr.  Baker  in  England,  we  may  soon  hope  to  under- 
stand this  attractive  but  still  difficult  genus.  The  section  Cyclo- 
bothra^  being  restricted  to  Mexican  species,  with  fibrose-tunicated 
bulbs  and  narrow  pods,  the  northern  ones  before  referred  to  it 
constitute  Baker's  section  Macrodenus;  and  he  distributes  Calo- 
chortus proper,  with  membranous  bulb-coatings,  into  two  subgenera, 
JPkUycarpuSj  with  an  oblong  capsule,  and  Mariposa  (an  apt  use  of 
the  Califomian  popular  name,  meaning  butterfly),  with  narrow 
pods, — a  difference  which  is  seldom  available  at  flowering-time, 
and  apparently  of  barely  speciflc  importance.  Of  the  species  there 
is  somewhat  yet  to  be  said  and  done ;  but  Mr.  Baker  is  heartily 
to  be  thanked  for  this  as  well  as  for  other  parts  of  his  valuable 
elaboration  of  LUiaceoe,  a.  g. 

7.  Asexual  Growth  from  the  Prothallue  of  Pteria  Cretica. — Dr. 
Farlow's  paper,  published  last  spring  in  the  1 0th  volume  of  the 
Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  has 
been  reprinted  in  the  current  (14th)  volume  of  the  London  Jour- 
nal of  Microscopical  Science,  with  a  few  additions  by  the  author. 
The  figures  are  neatly  reproduced  in  two  plates.  The  correction 
as  to  the  species  of  JPteris  concerned  is  here  made,  in  the  title  and 
elsewhere.  When  first  published  the  plantlets  were  supposed  to 
be  jP.  eemdatay  but  the  correction  was  appended  in  a  note  in  the 
Proceedings  of  the  American  Academy.  We  are  sorry  to  find 
that,  through  some  editorial  oversight,  or  the  want  of  it,  the  fact 
that  this  paper  is  reprinted  from  the  American  Academy's  Pro- 
ceedings, vol.  10,  is  not  stated.  The  author  of  the  paper  has  now 
returned  to  this  country,  and  we  understand  will  take  charge  of  a 
laboratory  for  Cryptogamic  Botany  in  Harvard  University,    a.  g. 

8.  Zizania  aquatica,  the  Indian  Kice,  as  appears  from  Gardeners' 
Chronicle  for  August  1,  is  a  new  material  for  paper,  of  much 
promise.  Other  grasses  have  been  more  or  less  used;  but  we 
were  not  aware  of  the  employment  of  Zizania,  The  British 
market  is  to  be  supplied  from  Upper  Canada  (Ontario),  by  a 
company  organized  for  the  purpose. 

9.  Botany  of  S.  Pacific  Exploring  Expedition  under  Admiral 

WiUces. — ^Slore  than  a  dozen  years  ago,  the  Library  Committee  of 

Congress  began  the  printing  of  the  17  th  volume  of  the  results  of  the 

Am.  Joub,  Sol— Thibd  Sbbibs,  Vol.  VIII,  No.  46.— Oct.A%74. 
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U.  S.  Exploring  Expedition  under  Commodore  Wilkes.  It  was  de- 
voted to  the  lower  Crvptogamic  Botany  and  the  general  botanical 
collection  made  on  our  Pacific  coast,  from  Puget  Sound  to  San  Fran- 
cisco. The  earlier  part  of  the  volume  was  printed  in  or  before  the 
year  1862.  It  contained,  1,  the  Mosses^  by  the  lamented  Sullivant, 
who  secured  a  small  separate  edition  with  letter-press  in  folio,  to 
match  the  plates :  a  few  copies  of  this  are  still  to  oe  had.  2.  The 
Liclienes  by  Professor  Tuckerman ;  the  Algce  by  the  late  Profes- 
sors Bailey  and  Harvey;  the  Fungi  (only  31  s(>ecies)  by  the  late 
Dr.  Curtis  and  Mr.  Berkeley.  The  present  writer  secured  some 
extra  copies  of  this  portion,  and  also  of  the  plates  of  the  portion 
next  to  oe  mentioned,  and  diitributed  them  so  as  to  make  them 

fenerally  known  among  botanists.  A  year  and  a  half  ago,  shortly 
efore  the  lamented  death  of  Dr.  Torrey,  the  MSS.  of  his  rept)rt 
on  the  Phaenogamous  plants  of  our  Pacific  coast  was  called  for :  it 
has  been  carried  through  the  press  since  the  author's  death.  The 
present  writer  secured  a  small  edition,  and  has  had  these  parts, 
with  the  large  folio  plates  (folded),  made  into  a  bound  volume, 
entitled  U,  S.  Eu^loring  £}jrpedition  Botany,     I.  Lower  Cr^^pto- 

famia,  IL  Pluxiierogamia  of  the  Pacific  coast  of  North  America. 
t  is  an  imperial  4to,  of  420  pages  of  letter-press,  and  29  plates. 
Only  20  copies  are  on  sale,  with  Westermann  and  Co.  in  New 
YorK,  and  at  the  Herbarium  of  Harvard  Uni'v  ersity,  Cambridge. 
From  the  same  mav  be  obtained  a  very  few  copies  of  the  Musei 
of  the  expedition,  by  Sullivant,  which  properly  belongs  to  the 
same  volume,  but  of  which  the  letter -press  was  made  up  in  double 
columns  into  inipeiiiil  folio  pages  and  bound  with  the  plates  into 
a  substantial  volume.  The  government  copies  of  the  volume,  only 
one  hundred  in  number,  are  not  to  be  had,  having  been  all  pre- 
sented to  foreign  courts  and  State  autliorities.  a.  g. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Territorial  School  of  Mines ^  Colorado, — A  school  of  mines 
has  been  established  by  the  Territorial  Government  at  Golden, 
Colorado,  one  of  the  best  places  in  the  country  for  practical  in- 
struction. E.  J.  Mallett,  Jii.,  is  Dean  of  the  Faculty  and  in- 
structs in  Theoretical  Engineering;  E.  L.  Berthoud,  in  Civil 
Engineering  and  Geology ;  K.  Pearck,  in  Theoretical  and  Practi- 
cal Metallurgy  ;  J.  Poole,  in  the  Mechanical  Preparation  of  Ores; 
F.  Schmidt,  in  Mathematics,  German  and  Spanish,  and  A.  Lakes, 
in  Free-hand  and  Mechanical  Drawing. 

2.  Alexander  Wilson,  —  A  statue  of  Alexander  Wilson,  the 
ornithologist,  will,  in  a  few  weeks,  be  erected  within  the  buryiug- 
ground  of  the  abbey  of  Paisley,  and  within  a  few  niinutes'  wau 
of  the  spot  where  he  was  born. — Athenceum^  June  27. 

8.  Sixth  Annual  Jleport  on  the  Noxious,  Beneficial  and  other 
Insects  of  the  State  of  Missouri.  Made  to  the  Board  of  Agricul- 
ture by  C.  V.  Riley,  Entomologist.  170  pp.  8vo.  Jefferson  City, 
MuMOurL — ^A  valuable  report  economically  and  scientifically.    The 

nnuBually  good,  and,  with  few  exceptions, 
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4.  Ha\f  Hours  with  Insects, — Pro£  A.  S.  Packard,  Jr.,  is  con- 
tinuing his  chapters  on  Insects,  in  the  Half-Hour  Recreations  in 
Natui^  History  of  Estes  &  Lauriat.  The  third  part  (out  of  the 
twelve  to  be  issued)  treats  of  the  Relations  of  Insects  to  Man. 

5.  British  Associatio7i. — Detailed  reports  of  the  papers  read  at 
the  meeting  will  be  found  in  Nature,  now  issuing,  commencing 
with  No.  251,  August  20th,  which  contains  Prof.  Tyndall's  address. 

6.  DancCs  Manual  of  Geology, — An  engraver's  mistake  which 
was  coiTected  in  the  stereotype  plates  of  the  first  edition  of  this 
work,  has  passed  without  correction  in  the  first  issue  of  the  second. 
In  the  map  of  England  on  page  344,  8  should  be  9,  and  9  should 
be  8.     It  will  be  made  right  before  printing  again. 

OBITUARY. 

Death  of  Prof .  Jbpfbies  Wyman. — This  most  estimable  man 
and  most  excellent  naturalist — facile  princeps  of  American  com- 
parative anatomists — died  suddenly  at  Bethlehem,  N.  H.,  on  the 
4th  inst.,  and  his  mortal  remains  were  committed  to  the  earth  in 
Mount  Auburn  on  the  8th.  He  was  born  at  Chelmsford,  Mass., 
August  11,  1814,  and  had,  therefore,  just  completed  sixty  years  of 
age.  He  was  graduated  at  Harvard  University  in  1833,  took 
his  medical  degree  in  1837,  pursued  his  medical,  and  especially 
anatomical  and  zoological,  studies  at  Paris  for  two  vears,  when, 
returning  to  Boston,  he  was  for  a  few  years  curator  of  the  Lowell 
Institute.  Here  he  delivered  two  courses  of  lectures  on  compara- 
tive anatomy  and  physiology  (one  of  which  was  published) ;  and 
here  he  first  developed  those  admirable  gifts  as  a  scientific  instruc- 
tor which  made  him  such  a  favorite  with  all  serious  students, — the 
gfit  especially  of  lucid  and  well-ordered  exposition,  from  which  all 
adventitious  matters  were  rigorously  excluded.  In  1844,  he  ac- 
cepted the  chair  of  anatomy  and  physiology  in  the  medical  school 
at  Richmond,  Virginia,  a  branch  of  Hampden-Sidney  College.  In 
1847,  after  the  death  of  Dr.  Warren,  he  was  reclaimed  by  his 
alma  mater^  and  made  Hersey  Professor  of  Anatomy  at  Cam- 
bridge, Dr.  Holmes  having  been  appointed  to  the  chair  in  the 
medical  school  in  Boston.  Prof.  Wyman's  position  secured  to 
him  a  good  opportunity  for  prosecuting  his  researches,  and  for 
building  up  the  museum  of  comparative  anatomy — the  objects 
which  he  had  most  at  heart — but  only  a  slender  salary.  After  a 
time,  however,  this  was  increased  by  the  judicious  gift  from  a  late 
citizen  of  Boston,  who  recognized  rrof.  Wyman's  great  value  to 
the  university  and  to  science,  and  who  stipulated  that  the  income 
of  his  endowment  should  be  paid  to  Prof  Wyman  throughout  his 
life,  whether  he  held  the  professorial  chair  or  not.  He  fulfilled 
its  duties  most  acceptably,  down  to  a  recent  period,  when  his  state 
of  health,  for  a  long  time  delicate,  and  of  late  requiring  a  milder 
winter  climate,  demanded  the  abridgement,  and  at  length  the  ces- 
sation, of  his  lectures  and  class  work.  But  he  merely  changed  the 
kind  of  work.  When  the  Peabody  Museum  of  American  Arche- 
ology and  Ethnology  was  established,  the  founder  made  Prof. 
Wyman  one  of  bis  trustees,  and  the  board  committed  the  incipient 
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museum  to  his  charge  and  direction.  The  seven  annual  reports 
which  he  has  drawn  up  and  published — the  last  only  a  few  weeks 
before  his  lamented  decease — and,  still  more,  the  museum  itself^ 
which  already  takes  high  rank  among  such  establishments,  testify 
to  his  devotion  and  rare  ability.  Whatever  this  museum  may 
become  in  after  years — and  much  may  be  hoped  of  its  future — ^it 
must,  for  a  long  while,  be  Prof.  Wyman's  memorial,  equally  with 
that  of  its  founder.  Means  have  been  wisely  and  liberally 
provided,  and  his  associates  have  done  their  part ;  but  the  mu- 
seum has  been  created  by  Prof.  Wyman.  Arranged  by  his  own 
unaided  hands,  it  bears  throughout  the  impress  of  his  untiring 
and  conscientious  labor,  scrupulous  accuracy,  and  orderly  and 
sagacious  mind. 

We  cannot  here  undertake  to  recount  his  written  contributions 
to  science.  They  are  mainly  contained  in  the  Journal  and  Pro- 
ceedings of  the  Boston  Natural  History  Society,  of  which  he 
was  for  more  than  a  dozen  yeai*s  the  faithful  president ;  in  the 
Smithsonian  Contributions  to  Knowledge,  and  in  the  pages  of  our 
own  Journal.  That  they  were  not  more  numerous  and  important 
than  they  are  must  be  attributed,  partly  to  the  insidious  disease 
which  for  years  has  sapped  his  strengtn,  partly  to  over-caution 
and  the  desire  of  completely  mastering  whatever  he  undertook, 
partly  to  a  very  dispassionate  and  unambitious  temperament.  Ue 
was  one  of  those  rare  men  who,  in  more  than  one  sense,  are  "  not 
easily  provoked."  Although  his  judgment—  as  keen  as  cool — ws& 
always  wakeful,  and  his  love  of  exact  truth  pervading,  it  is  not 
remembered  that  he  ever  had  a  controversy.  It  was  said  by  an 
experienced  judge  of  character,  who  knew  him  long  and  inti- 
mately, that  the  Beatitudes  ought  to  be  read  at  his  funeral,  for 
few,  within  his  knowledge,  had  so  nearly  exemplified  them. 

Professor  Wyman  had  suffered  from  pulmonary  disease  for 
many  years,  and  his  life  has  of  late  been  very  precarious.  But 
the  present  year  seemed,  on  the  whole,  assuring  to  his  friends  of  a 
longer  respite,  when  a  hemorrhage  of  the  lungs  suddenly  termi- 
nated his  most  useful  and  honorable  career.  He  leaver  two 
daughters,  children  of  his  first  wife,  and  a  youthful  son  by  his 
second  wife,  who  did  not  long  survive  the  birth.  a.  g. 

Third  Report  of  the  Meteorological  Office  of  the  Dominion  of  Canada,  for  the 
fiscal  year  ending  June  30th,  1873;  by  G.  T.  Kingston,  M.  A.,  Superintendent 

Report  for  the  determination  of  the  Astronomical  Coordinates  of  the  Primary  Sta- 
tions at  Cheyenne,  Wyoming  Territory,  and  Colorado  Springs,  Colorado  Ihrribny, 
made  during  the  years  1872  and  1873;  Geographical  and  Geological  Explorations 
and  Surveys  west  of  the  Hundredth  Meridian ;  First  Lieut.  G.  M.  Wheeleb,  Corps 
of  Engineers,  in  charge.  Dr.  J.  Kampf  and  J.  H.  Clark,  civilian,  a8txx>noimca] 
assistants.     82  pp.  4to.     Washington,  1874. 

Psyche.  Organ  of  the  Cambridge  Entomological  Chib.  Vol.  i,  No.  1.  4  pages 
8vo.  Cambridge,  Mass.,  May,  1874.  B.  Pickmann  Mann,  Editor. — This  first  num- 
ber of  Psyche  contains  a  prospectus,  a  list  of  the  English  names  of  butterflies, 
the  titles  of  a  few  recent  works,  a  brief  note  on  the  discovery  of  a  specimen  of 
Nymphalis  MiWerti^  and  another  announcing  that  Hentz's  papers  on  spiders  are  to 
be  reprinted  in  a  single  volume  by  the  Boston  Society  of  Natural  History,  and 
edited  by  Mr.  E.  Burgess. 
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Akt.  XXV 11. — On  the  Number  and  Distribution  of  the  Bright 

Fixed  Stars  ;  by  B.  A.  Gould. 

(Bead  before  the  American  Asaooiatioa  lor  the  Adv.  of  Sdenoei  Aug.  17,  1874.) 

The  magnificent  work  of  Argelander  entitled  "Durchmus- 
terung  des  nordlichen  Himmels,"  is  well  known  to  lovers  of 
astronomy.  His  problem  was  no  less  than  the  formation  of  a 
complete  list  of  all  the  stars  of  the  northern  hemisphere  to 
the  ninth  magnitude  inclusive,  together  with  as  many  as  possi- 
ble of  the  9-10  magnitude  The  undertaking  was  successfully 
carried  out,  affording  not  only  an  exhaustive  series  of  charts, 
but  likewise  a  "  working-list,'^  which  an  association  of  northern 
observatories  is  now  employing  for  the  determination  of  the 
accurate  positions  of  the  316,000  stars  which  it  contains.  It 
furthermore  records  the  aspect  of  the  visible  heavens,  at  the 
time,  with  an  accuracy  amply  sufficient  for  all  purposes  which 
do  not  require  minute  precision. 

In  this  work,  the  magnitude  of  each  star  was  estimated  to 
the  nearest  half  unit  as  it  passed  through  the  field  of  view ; 
and  since  all  the  stars  were  observed  more  than  once,  and  most 
of  them  several  times,  the  mean  of  the  several  estimates  was 
taken  and  is  given  in  the  published  catalogue  to  the  nearest 
tenth  of  a  unit  In  1869  Professor  Littrow  of  Vienna  made  a 
careful  enumeration  of  the  number  thus  given  for  each  degree 
of  magnitude,  in  order  to  ascertain  how  far  the  results  would 
indicate  an  approximate  uniformity  of  distribution  for  the  stars, 
lying  within  the  portion  of  space  under  consideration. 
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Could  we  assume,  1st,  that,  in  general,  the  apparent  bright- 
ness of  a  star  depends  upon  its  distance  from  us,  all  being  of 
the  same  order  of  intrinsic  brilliancy,  and  2dly,  that  stars  are  dis- 
tributed through  space  with  approximate  uniformity,  the  total 
number  visible,  down  to  any  given  magnitude,  would  be  pro- 
portional to  the  contents  oi  the  sphere  within  which  stars  of 
this  magnitude  are  contained.  Thus  the  d^ree  of  approxima- 
tion to  the  truth,, which  is  fairly  attributable  to  the  hypothesis 
mentioned,  may  be  inferred  from  the  degree  of  accordance 
which  can  be  obtained  between  two  series  of  numbers,  the  one 
representing  the  number  of  stars  of  each  succe&sive  order  of 
magnitude  actually  existing  in  the  heavens,  and  the  other 
being  proportional  to  the  contents  of  those  spherical  shells 
whose  limiting  radii  correspond  to  these  respective  magnitudes. 
If  any  accordance  at  all  satisfactory  shoula  be  found  to  exist, 
it  would  render  the  assumptions  probable  to  a  corresponding 
extent,  and  would  afford  at  the  same  time  an  independent 
even  though  indirect  and  crude,  determination  of  the  constant 
ratio  between  the  amounts  of  light  which  belong  to  two  succes- 
sive magnitudes,  and  thereby  an  indication  of  the  relative  dis- 
tances of  the  stars. 

If  the  data  on  which  the  inquiry  is  based  be  sufficiently  ex- 
tensive, we  may  reasonably  expect  that  the  effects  of  considera- 
ble deviations  from  perfect  exactness  in  the  general  hypotheses 
will  be  masked  in  the  totals,  provided  the  assumptions  be  not 
essentially  erroneous.  But  there  are  serious  difficulties  in  the 
way  of  an  accurate  comparison,  arising  from  the  inadequacy  of 
our  data,  in  consequence  of  inevitable  errors  in  the  estimates 
of  magnitude,  the  moral  impossibility  of  maintaining  exactly 
the  same  ratio  for  different  degrees  of  brightness,  and  other 
almost  equally  important  obstacles.  Notwithstanding  all  these, 
Professor  Littrow  considers  his  results  as  justifying  the  belief 
that  there  is  a  considerable  degree  of  general  uniformity,  both 
in  the  distribution  and  the  intrinsic  brilliancy  of  the  fixed  stare 
which  belong  within  the  limits  of  this  investigation  ;  suffi- 
cient, indeed,  to  warrant  an  application  of  the  formulas,  result- 
ing from  this  inquiry,  to  regions  outside  of  the  distance  of  9th 
magnitude  stars.  From  a  discussion  of  the  numbers  given  bv 
the  Diirchmusterung  as  far  as  the  8th  magnitude,  assorte^i 
according  to  whole  units,  he  obtains  the  value  0'423  as  the 
ratio  of  brilliancy  between  typical  stars  of  two  successive  mag- 
nitudes ;  and  similarly  from  an  assortment  by  half  magnitudes, 
comprising  all  stars  to  the  8th  magnitude  inclusive,  he  obtains 
the  value  0*431.  Each  of  these  computations  gives,  for  the 
average  distance  of  a  star  of  the  9th  magnitude,  about  26  times 
that  of  the  most  distant  first  magnitude  star. 
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The  discordances  between  the  numbers  obtained  by  enumera- 
tion from  the  Durchmusterung  and  the  empirical  values  deduced 
from  Professor  Littrow's  formula,  vary  satisfactorily  in  sign; 
and  the  sums  of  the  positive  and  of  the  negative  residuals  are 
nearly  equal  for  the  groups  from  3^  to  8|  inclusive,  when  the 
residuals  are  reduced  to  fractions  of  the  computed  values. 
Still  some  of  the  discordances  are  large,  the  ditference  for  stars 
of  the  4th  magnitude  amounting  to  more  than  one-third  part 
of  the  empirical  number,  while  for  those  of  the  9th  magni- 
tude it  would  exceed  one-half  of  the  whole.  The  appended 
table  exhibits  the  number  of  stars  for  each  half-unit  oi  magni- 
tude as  obtained  from  the  counting,  and  from  Littrow^s  formula, 
according  to  which  the  number  comprised  within  the  half- 
magnitude  m  is  given  by  the  expression 

Z^= 0-6098  (8-5295)'». 

To  these  I  add  the  values  corresponding  to  another  formula, 
which  I  have  deduced  for  the  purpose  of  giving  a  somewhat 
better  representation  to  the  stars  brighter  than  the  8J  magni- 
tude. In  this  the  light-ratio  for  each  magnitude  is  0*4628  and 
the  number  of  stars  comprised  in  the  half-magnitude  m  is 

Z^=  1-0691  (8  2878)~ 

The  residuals  appended  to  each  of  the  empirical  series  repre- 
sent the  excess  of  the  computed  numbers  over  the  observed 
ones,  expressed  in  hundredths  of  the  former. 

8TA1IS  or  THB  NOBTHSBN   HE1IISPHBB& 

According  to  Ihe  DurchmMBterung. 


Mag. 

Counted. 

LlUrow'8 
fonnolA. 

DUDerence. 

New 
formula. 

Dlflierance. 

1 

6 

3 

H 

-11 

H 

4 

4 

H 

+38 

2 

22 

8 

12 

-90 

2i 

12 

14 

+  14 

21 

+43 

3 

61 

27 

-89 

38 

-34 

3i 

60 

60 

-20 

69 

+  13 

4 

128 

96 

-35 

126 

+  2 

4i 

140 

178 

+  21 

232 

+40 

6 

379 

334 

-13 

411 

-+  8 

5i 

463 

628 

+  26 

746 

+37 

6 

1242 

1179 

—  5 

1350 

-  8 

e* 

2231 

2215 

-   1 

2449 

+  9 

7 

4608 

4161 

-11 

4441 

-  3 

H 

6878 

7817 

+  12 

8052 

+  14 

8 

14525 

146K6 

+   1 

14600 

+   1 

8i 

28486 

27690 

-  2 

26474 

-  8 

9 

78185 

51830 

48003 

The  marked  defect  of  the  computed  numbers  for  stars  of  the 
9th  magnitude  has  led  me  to  include  the  several  values  for 
this  magnitude  in  the  table,  although  they  were  intentionally 
omitted  in  deducing  the  formulas.     I  do  not  think  that  any 
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expressions  of  the  form  ah^  can  be  found  which  will  represent 
all  the  values  to  the  8}  magnitude  inclusive,  with  an  essentially 
better  accordance.  The  numerical  values  of  the  residuals 
might  be  very  slightly  improved  by  using  the  method  of  least 
squares,  but  not  to  any  important  extent  The  discordance  of 
the  formulas  given  would  be  still  greater  for  stars  of  the  9i 
magnitude,  since  Littrow's  gives  97,870  stars  and  my  own  only 
87,040,  while  in  the  Durchmusterung  there  are  177,606  stars  of 
the  9*8,  94  and  9*6  magnitudes ;  those  of  the  9*6  and  9*7,  which 
are  needed  in  addition  to  make  up  the  half-magnitude  group, 
not  having  been  observed. 

It  would  thus  appear  that,  unless  the  fainter  8t*irs  of  the 
Durchmusterung  have  been  estimated  much  too  bright,  the 
hypotheses  in  question  cannot  be  extended  beyond  the  Sj 
magnitude,  even  if  they  are  to  be  regarded  as  approximately 
representing  the  tenth  for  the  stars  up  to  this  limit,  the  distance 
corresponding  to  which  would  be,  according  to  Littrow's  for- 
mula, about  22  times,  and  according  to  the  other  formula  about 
18  times,  that  of  a  star  of  the  first  magnitude. 

The  Uranometria  Nova  of  Argelander,  which  gives  the  care- 
fully observed  magnitudes  of  all  the  stars  which  he  could  dis- 
tinguish with  the  naked  eye,  afforded  the  standard  for  the 
magnitudes  of  the  Durchmusterung ;  yet  the  first  glance  makes 
manifest  large  discrepancies  between  the  rapidly  made  estimates 
in  the  latter  work  and  the  sharp  determinations  of  the  former 
The  recently  published  revision  and  extension  of  the  Uranome- 
tria by  Professor  Heis  of  Aachen,  assigns  the  magnitude  to  the 
nearest  third  of  a  unit  for  every  star  which  he  could  discern, 
the  lowest  being  6^,  or  one-third  of  a  magnitude  fainter  than 
Argelander^s  infierior  limit  The  far  greater  precision  of  these 
determinations  would  give  a  more  trustworthy  basis  for  our 
inquiries  than  the  Durchmusterung  affords,  were  the  numbers 
large  enough  to  eliminate  such  irregularities  as  may  justly  be 
treated  as  accidental ;  but  this  seems  not  to  be  the  case. 

The  completion  of  our  Argentine  Uranometry  now  augment? 
the  number  of  accurately  determined  stars,  and  renders  it  possi- 
ble to  assign  the  actual  magnitudes  for  all  stars  throughout  the 
heavens  which  are  easily  visible  to  the  naked  eye.  I  have 
taken  much  pains  to  secure  an  accordance  between  the  adopted 
scale  of  magnitudes  and  that  employed  by  Argelander  in  his 
Uranometry,  and  regard  it  as  unlikely  that  the  probable  emjr 
of  our  individual  magnitudes  exceeds  one-tenth  of  a  unit  So 
too  does  Heis  seem  to  have  omitted  no  efforts  for  securing  an 
accordance  of  his  work  with  the  same  standard,  and  it  is  im- 
probable that  any  essential  error  can  exist  in  these  estimates, 
made  as  they  are  by  an  astronomer  of  exceptional  keenness  of 
sight 
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It  is  thus  easy  to  ascertain  the  total  number  of  stars  in  the 
firmament  for  each  grade  of  magnitude  within  Heiss  limits. 
The  results  are  especially  trustworthy,  since  every  individual 
magnitude  has  been  determined  by  careful  and  repeated  com- 
parisons with  established  standards  and  the  same  scale;  and 
there  now  arises  the  interesting  question,  how  far  the  accurate 
numbers  given  bv  the  two  Uranometries,  for  stars  as  bright  as 
the  6th  magnitude  throughout  the  entire  heavens,  would  agree 
with  the  rougher  estimates  of  a  number  of  stars  eleven  times 
greater,  but  situated  in  the  northern  hemisphere  only  and 
including  the  8|  magnitude  ? 

I  have  therefore  devoted  some  labor  to  the  independent 
determination  of  a  formula  which  should  represent  as  well  as 
possible  the  results  derived  from  the  Uranometries  alone,  upon 
the  hypothesis  already  stated-  The  best  value  which  I  have 
been  able  to  deduce  for  the  constant  ratio  of  the  light  of  stars 
of  successive  magnitudes  is  0*4988,  the  degree  of  accordance  of 
which  with  observation  upon  our  fundamental  assumptions  may 
be  inferred  from  the  appended  table,  which  gives  tne  number 
of  stars  for  each  half  unit  of  magnitude,  as  aeduced  from  the 
Uranometries,  and  from  the  formula 

Z^=8-2884  (8'0184)'», 

together  with  the  residuals,  determined  as  in  the  preceding 
table.  Those  stars  of  Professor  Heists  Uranometry  which  are 
given  for  the  fractional  thirds  of  a  magnitude,  are  combined  to 
form  the  numbers  for  the  fractional  halves  in  our  table ;  a 
crude  procedure,  but  the  only  practical  one  under  the  circum- 
stances. 

NuxBBB  OF  Stabs  nr  thb  Heavens. 


M«ff. 

UranometrlM. 

1 

N. 

8. 

ToUI. 

1 

1 
2 
3 

H 

4 

4i 
6 

5i 
6 

H 

1 

8 

7 

26 

35 

55 

103 

132 

254 

392 

696 

1374 

6 

4 

20 

33 

41 

87 

108 

154 

240 

563 

1075 

2022 

3317 

14 

11 

45 

68 

96 

190 

240 

408 

632 

1259 

2449 

16i 

17 

395 

51 

8» 

155 

269 

467 

811 

1409 

2449 

4255 

7392 

+  10 
+35 
-53 
-33 

-  8 
-23 
+  18 
+  17 
+  22 
+  16 
0 

Various  inferences  are  suggested  by  this  table.  The  formula 
corresponding  to  our  hypotheses  dififers  greatly  from  the  former 
ones,  Doth  in  the  coefficient  and  the   ratio.     The  degree  of 


880  B,  A.  Oould — Number  and  DiatrSmticm 

accordance  is  not  such  as  to  warrant  any  great  faith  in  tbe 
correctness  of  our  assumptions,  yet  a  certain  approximation  in 
the  numbers  cannot  be  denied,  extending  apj>arently  as  far  as 
the  8th  magnitude,  if  we  assume  the  numbers  of  the  Durch- 
musterung,  augmented  proportionally  for  application  to  the 
entire  firmament     For  the   higher   magnitudes  the   formula 

f;ives  numbers  even  more  glaringly  in  defect  than  those  derived 
rom  the  Durchmusterung.  And  finally  a  comparison  of  the 
numbers  in  the  northern  hemisphere,  taken  from  Heis,  and 
those  of  the  southern  hemisphere,  derived  from  the  Uranometria 
Arffentina,  shows  a  decided  excess  of  stars  in  the  northern  sky, 
a  feet  which  is  itself  at  variance  with  our  assumption  of  an 
approximately  equable  distribution. 

Yet  although  the  accordance  of  the  observed  magnitudes 
with  any  series  of  numbers  in  geometrical  progress  is  far  from 
being  close  enough  to  warrant  any  important  inferences  regard- 
ing the  total  number  of  stars  of  any  magnitudes  outside  of  the 
limits  of  observation,  it  affords  the  only  means  at  our  disposal 
for  any  of  those  rough  estimates  which  are  needed  in  coemo- 
logical  inquiries  regarding  these  numbers.  As  soon  as  we 
have  extended  our  researches  to  that  distance  at  which  the 
agglomeration  of  stars  in  the  Milky  Way  begins  to  be  appecia- 
ble,  all  further  inquiries  of  this  character  are  futile,  and  it 
becomes  necessary  to  consider  the  Galaxy  by  itself.  From  a 
comparison  of  the  geometric  series  with  tfie  numbers  observed 
for  stars  not  beyond  the  8J  magnitude,  Littrow  has  inferred 
that  the  same  formula  may  be  applied  to  regions  considerably 
beyond  this  limit,  and  from  the  consideration  of  W.  Herschel  s 
star-gauges  in  the  poorest  regions  of  the  sky,  he  fixes  upon  a 
magnitude  not  far  from  11 J  as  indicating  the  outer  limit  of  this 
equable  distribution,  and  thus  assigns  4^  millions  as  the  proba- 
ble number  of  stars  within  this  limit  To  me  neither  premise 
appears  very  tenable.  If  the  influence  of  the  Milky  Way  is  not 
appreciable  even  for  stars  of  the  9th  magnitude,  then  the  num- 
ber of  stars  at  a  less  distance  than  the  limit  of  galactic  agglome- 
ration is  not  even  approximately  conformable  to  geometric  pro- 
gression :  so  that  these  inferences  from  the  star-gauges  must  be 
illusory.  The  rapid  increase  in  the  number  of  stars  after  pass- 
ing the  9th  magnitude  may  be  partially  accounted  for  by  the 
difficulty  of  estimating  magnitudes  correctly,  near  the  inferior 
limit  of  brightness  ;  yet  very  large  allowances  for  over-estima- 
tion of  the  fainter  magnitudes  fail  to  permit  any  satisfiactorv 
representation  by  a  geometric  progression.  It  is  impossible  to 
represent  even  approximately  the  more  than  160,000  stars  of 
the  9th  magnituae,  together  with  the  numbers  for  magnitudes 
below  4^,  by  any  such  formula,  without  over- representing  the 
intermediate  numbers  by  more  than  one-half.     And  even  then, 
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we  fail  to  obtain  an  adequate  value  for  the  stars  bejond  9  and 
9^.  We  may  reproduce  the  numbers  which  the  Uranometries 
give  for  the  6th  magnitude  and  the  Durchmusterung  for  the 
9th,  by  means  of  a  series  which  doubles  the  number  of  stars 
for  each  successive  half -magnitude ;  yet  even  this,  when  ex- 
tended to  stars  of  the  9^  magnitude,  would  assign  to  the  entire 
heavens  a  less  number  than  the  Durchmusteruug  gives  for  the 
northern  hemisphere  alone.  I  attribute,  however,  to  this  last 
consideration  comparatively  little  weight,  for  the  reason  already 
indicated. 

In  the  second  column  of  the  annexed  table,  the  number  of 
northern  stars  corresponding  to  each  half- magnitude  is  repro- 
duced, being  taken  from  Heis's  Uranometry  for  magnitudes  up 
to  the  6th  mclusive,  and  from  the  Durchmusterunff  for  higher 
ones.  The  last  line,  however,  is  not  for  the  full  lialf-magni- 
tude  corresponding  to  9^,  but  merely  for9  '3,  94  and  9*6  ;  the 
remaining  two,  9*6  and  9*7,  not  being  contained  in  Ar^elander's 
work.  The  third  column  contains  the  numbers  from  the 
Uranometria  Argentina,  and  the  fourth  the  corresponding  ones 
for  the  entire  heavens,  being  the  sum  of  the  two  preceding  as 
£ar  as  the  7th  magnitude,  and  thereafter  the  double  of  the 
numbers  observed  in  the  northern  hemisphere.  The  final 
column  shows,  for  the  sake  of  comparison,  the  values  which 
result  from  the  simple  hypothesis  tnat  the  number  of  stars 
doubles  for  each  successive  half  magnitude  applied  to  the 
observed  number  of  the  6th  magnitude.  Simple  as  it  is,  this 
series  presents  less  violent  discordances  than  any  of  the  others 
which  I  have  deduced,  for  magnitudes  above  the  4th.    For  stars 

Total  Nuiibbb  of  Stab& 


Maff. 

N. 

8. 

Total. 

Formula. 

1 

8 

6 

14 

4 

H 

7 

4 

11 

5 

2 

35 

20 

45 

10 

2i 

25 

33 

68 

19 

3 

65 

41 

96 

38 

H 

103 

87 

190 

76 

4 

132 

108 

240 

153 

^ 

254 

154 

408 

306 

6 

392 

240 

632 

612 

H 

696 

563 

1259 

1224 

6 

1374 

1075 

2449 

2449 

6i 

2231 

2022 

4253 

4898 

•7 

4608 

3317 

7925 

9796 

H 

6878 



13756 

19592 

8 

14525 

w  •  ■•  M 

29050 

39184 

8i 

28486 



56972 

78368 

9 

78185 



156370 

156736 

177505 

.... 

355010 

161660 
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brighter  than  these,  the  discordances,  although  relatively  enor- 
mous, are  intrinsically  small.  The  total  number  of  all  stars  to 
the  4th  magnitude  inclusive  is  664  according  to  direct  observa- 
tion, but  would  be  only  805  by  the  empirical  series.  And  the 
theory  of  an  approximately  equable  distribution  for  stars  as 
bright  as  the  9tn  inclusive  thus  appears  less  improbable,  if  we 
may  suppose  some  360  additional  stars  to  be  situated  in  oar 
immediate  vicinitj. 

In  this  connection  I  desire  to  mention  a  fact  which  early  at- 
tracted and  repeatedly  compelled  my  attention  during  my  resi- 
dence in  South  Amenca.  It  has  generally  been  assumea  that 
the  number  of  visible  stars  of  any  given  magnitude, — ^whether 
brighter  or  fainter, — diminishes  as  their  distance  from  the  Milky 
Way  increases.  In  the  elevated  position  and  pure  atmosphere 
of  Cordoba,  this  nebulous  circle  is  seen  with  a  vividness  fer 
surpassing  that  to  which  we  are  accustomed  here,  and  moreover 
most  of  that  portion  which  lies  in  the  southern  hemisphere  is 
intrinsically  brighter  than  the  northern  half;  so  that  its  position 
is  far  more  clearly  defined  than  I  have  ever  seen  it  elsewhere. 
And  few  celestial  phenomena  are  more  palpable  there  than  the 
existence  of  a  stream  or  belt  of  bright  stars,  including  Canopus, 
Sirius  and  AldebaraUj  together  with  the  most  brilliant  ones  in 
Carina,  PuppiSj  Columha,  Cams  Major,  Orion,  kc,  and  skirting 
the  Milky  Way  on  its  preceding  side.  When  the  opposite  half 
of  the  Galaxy  came  i?ito  view,  it  was  almost  equally  manifest 
that  the  same  is  true  there  also,  the  bright  stars  likewise  frin- 
ging it  on  the  preceding  side,  and  forming  a  stream  which, 
diverging  from  the  Milky  Way  at  the  stars  Alpha  and  Beta 
Ctntauri,  comprises  the  constellation  Lupus  and  a  great  part  of 
Scorpio,  and  extends  onward  through  Ophiuchus  toward  Lyra, 
Thus  a  great  circle  or  zone  of  bright  stars  seems  to  gird  the  sky, 
intersecting  with  the  Milky  Way  at  the  Southern  Cross,  and 
manifest  at  all  seasons,  although  far  more  conspicuous  upon  the 
Orion  side  than  on  the  other.  Upon  my  return  to  the  North, 
I  sought  immediately  for  the  northern  place  of  intersection ; 
and  although  the  phenomenon  is  bv  far  less  clearly  perceptible 
in  this  hemisphere,  I  found  no  difficulty  in  recognizing  the 
node  in  the  constellation  Cassiopea,  which  is  diametrically  oppo- 
site to  Crux.  Indeed  it  is  easy  to  fix  the  right  ascension  of  the 
northern  node  at  about  Oh.  50m.,  and  that  of  the  southern  one 
at  12h.  50ra.  ;  the  declination  being  in  each  case  about  60°.  so 
that  these  nodes  are  very  close  to  the  points  at  which  the  Milky 
Way  approaches  most  nearly  to  the  poles.  The  inclination  of 
this  stream  to  the  Milky  Way  is  about  25°,  the  Pleiades  occu- 
pying a  position  midway  between  the  nodes. 

A  considerable  portion  of  the  bright  stars  of  our  firmament  is 
situated  within  this  zone  or  stream,  or  in  its  immediate  vicinity. 
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It  has  been  a  source  of  surprise  to  me  that  it  had  not  previ- 
ously attracted  the  notice  of  astronomers,  and  since  writing  the 
forgoing  paragraphs  I  had  begun  the  preparation  of  some  data 
in  statistical  form  to  demonstrate  its  existence,  when  I  discovered 
that  it  had  been  alluded  to  by  Sir  J.  Herschel  in  his  Results  of 
Observations  at  the  Cape  of  Good  Hope.  His  words  are  as 
follows  (p.  886): 

"It  is  ....  in  the  interval  between  77  Argus  and  a  Crucis 
that  the  Galactic  circle,  or  medial  line  of  the  Milky  Way,  may 
be  considered  as  crossed  by  that  of  the  zone  of  large  stars  which 
is  marked  out  by  the  brilliant  constellation  of  Orion^  the  bright 
stars  of  Canis  Major  and  almost  all  the  more  conspicuous  stars 
of  Argo^  the  Orosst^  the  Centaur^  Lupus  and  Scorpio,  A  great 
circle  passing  through  e  Ononis  and  a  Orucis  will  mark  out  the 
axis  01  the  zone  in  question,  whose  inclination  to  the  galactic 
circle  is  therefore  about  20°,  and  whose  appearance  would  lead 
us  to  suspect  that  our  nearest  neighbors  in  the  sidereal  system 
(if  really  such)  form  part  of  a  subordinate  sheet  or  stratum, 
deviating  to  that  extent  from  the  general  mass  which  seen  pro- 
jected on  the  heavens  forms  the  Milky  Way." 

Yet  be  does  not  appear  to  have  recognized  the  fact  that  this 
zone  of  bright  stars  may  be  traced  with  tolerable  distinctness 
through  the  entire  circuit  of  the  heavens,  forming  a  great  circle 
as  well  defined  as  that  of  the  galaxy  itself. 

These  stars,  or,  more  strictly  speaking,  this  excess  of  stars, 
in  the  regions  in  Question,  must  be  deducted  from  our  total 
before  the  remainaer  of  the  fixed  stars  can  legitimately  be 
subjected  to  statistical  discussion  with  a  view  to  determining 
the  law  of  their  distribution,  and  the  distance  at  which  the  ag- 
glomeration which  we  recognize  in  the  Milky  Way  begins  to 
make  itself  manifest.  Then  we  shall  perceive  that  the  infer- 
ences from  the  accurate  estimates  in  the  Uranometries  and  the 
rough  ones  of  the  Durchmusterung  are  by  no  means  discord- 
ant, and  that  the  distribution  of  the  fixed  stars,  up  to  the  9th 
magnitude  inclusive,  is  not  merely  tolerably  uniform  but  ap- 
proximately such  that  the  number  of  stars  doubles  for  each 
successive  half- magnitude.  The  distance  corresponding  to  the 
9th  magnitude  is  from  thirty-two  to  forty  times  that  of  the  faint- 
est first-magnitude  star;  and  the  light-ratio  between  stars  differ- 
ing by  a  single  magnitude  becomes  0'3968.  This  is  very  close 
to  the  ratio  0*4,  which  photometric  researches  have  seemed  to 
indicate  as  best  expressing  the  actually  existing  scale,  and  which 
is  the  value  usually  accepted.  Did  we  adopt  precisely  this  ratio, 
we  should  find  315  as  the  total  number  of  stars  as  bright  as  the 
4th  magnitude,  being  only  ten  more  than  was  given  by  the 
value  just  considered,  while  the  computed  numbers  for  all  other 
magnitudes  below  the  ninth  would  be  brought  somewhat  ivft^^t 
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to  the  observed  ones,  and  for  the  9th  magnitude  itself  would 
be  151,260. 

The  phenomena  and  numerical  relations  to  which  I  have  re- 
rerred  m  this  paper  seem  of  considerable  importance  in  their 
bearing  upon  the  position  of  our  sun  in  its  cluster,  the  form  of 
that  cluster,  and  the  scale  of  distances  between  its  constituent 
stars. 


Art.  XXVIIL — The  Deportment  of  Tiianium  with  reagents  in 
Iron  Ores  containing  Phosphoric  Add;  by  E.  H.  BOGARDUa 

(Read  before  the  Natural  History  Society  of  Rutger's  College,  New  BroiiBwidi, 

N.  J.,  AprU  9,  1874.) 

The  injurious  action  of  titanium  upon  iron  when  present  in 
the  metal  in  considerable  quantity,  and  its  frequent  occurrence 
in  nature,  render  it  important  that  a  reliable  method  for  its 
detection  be  known,  and  that  its  presence  or  absence  be  proved 
in  all  analyses  of  ores. 

During  the  summer  of  1872,  while  engaged  in  the  examina- 
tion of  some  samples  obtained  in  the  mines  of  New  Jersey,  I 
encountered  a  difficulty,  which  I  shall  explain  somewhat  in 
detail.  Subsequent  experiments  proved  the  presence  of  tita- 
nium, and  that  this  substance  had  caused  me  my  trouble.  The 
deportment  of  the  element  was  so  diflferent  from  what  is  taught 
in  books  of  analyses,  and  from  what  I  had  previously  observed, 
that  it  seemed  to  me  that  the  usual  directions  given  for  its 
detection  were  faulty  and  liable  to  mislead  the  analyst  A 
more  extended  investigation  served  to  strengthen  this  impres- 
sion, and,  in  view  of  the  importance  of  the  subject,  led  to  the 
preparation  of  the  following  paper. 

Although  it  was  not  intendea  at  that  time  to  make  complete 
analyses  of  the  ores,  it  was  thought  important  to  test  for  tita- 
nium. To  this  end  a  sample  was  fused  with  bisulphate  of  pot- 
ash and  digested  in  cold  water.  The  dissolved  substance  was 
then  filtered  and  the  clear  liquid  treated  with  sulphuretted 
hydrogen  to  effect  the  reduction  of  the  iron.  This  should 
have  caused  no  precipitate  of  titanium  under  ordinary  circum- 
stances. Sulphur,  of  course,  separated  in  proportion  to  the 
iron  reduced,  and  was  removed  by  filtration.  The  liquid  was 
now  boiled,  and  as  it  remained  clear,  even  after  long  heating, 
the  absence  of  titanium  might  have  been  regarded  as  demon- 
strated. The  examination,  however,  did  not  stop  here :  it  was 
decided  to  test  the  sulphur  remaining  on  the  filter.  On  burn- 
ing this  precipitate  a  residue  was  obtained  amounting  to  nearly 
six  centigrams,    although    but    a    gram    of    ore    had    been 
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taken  for  the  examination.  As  sulphur  would  have  been 
vaporized  by  the  heat,  the  burning,  of  course,  proved  the  pres- 
ence of  some  other  body.  As  the  absence  of  zinc  and  the 
members  of  the  fifth  and  sixth  groups  had  been  proved,  the 
only  elements  supposed  to  be  precipitable  by  sulphuretted 
hydrogen  under  the  existing  conditions,  the  supposition  was 
that  a  mistake  had  occurred.  The  experiment  was,  therefore, 
repeated  and  with  identical  results.  As  it  now  seemed  certain 
that  sulphuretted  hydrogen  had  caused  a  precipitate,  the  next 
step  maae  was  to  determme  its  character.  The  substance  was 
white  both  before  and  after  heating,  and  resembled  closely  sul- 
phide of  zina  After  burning,  it  held  no  sulphur.  The  absence 
of  color  and  sulphur  would  alone  have  seemed  sufficient  proof 
of  the  absence  of  the  fifth  and  sixth  groups,  without  the  con- 
curring evidence  as  afforded  by  the  previous  regular  qualita- 
tive tests.  But  since  it  could  not  be  denied  that  a  substance 
had  formed  and  its  formation  seemed  an  anomaly,  it  was  deter- 
mined to  examine  again  and  this  time  for  all  bases  without 
exception.  It  would  require  too  much  time,  and  would  serve 
no  useful  purpose,  to  enter  into  a  minute  description  of  the 
course  taken  in  this  examination,  so  I  will  confine  myself  to  a 
statement  of  a  few  of  the  properties  as  developed  during  the 
experiments.  After  burning  tne  precipitate  and  fusing  it  in 
bisulphate  of  potash,  it  was  insoluole  in  water.  It  was  spar- 
ingly soluble  in  hydrochloric  acid  immediately  after  precipita- 
tion with  sulphuretted  hydrogen,  but  it  could  be  dissolved 
after  repeated  boiling  in  fresh  quantities  of  acid.  Fusion  in 
carbonates  of  the  alkalies  rendered  it  soluble  in  hydrochloric 
acid  It  was  insoluble  or  nearly  so  in  boiling  solution  of  potash ; 
precipitated  with  difficulty  or  not  at  all  in  slightly  acid  solu- 
tions. It  colored  microcosmic  salt  brown,  gave  a  transient 
green  color  to  the  blowpipe  flame,  fused  to  a  black  non-mag- 
netic globule  on  heating  on  charcoal,  and  when  dissolved  in 
hydrochloric  acid  imparted  a  brown  tint  to  turmeric  paper  like 
tfiat  produced  by  boracic  acid.  The  effect  on  turmeric  paper 
led  to  the  supposition  that  the  substance  was  partly  zirconia. 
The  thought  at  length  suggested  itself  that  as  there  was  no 
sulphur  in  the  precipitate,  its  formation  might  be  due  to  a 
reducing  action.  Sulphurous  acid  being  a  powerful  reducing 
agent,  it  was  determined  to  substitute  this  for  sulphuretted 
hydrogen.  A  sample  of  ore  was  fused  as  at  first  in  bisulphate 
of  potash  ;  then  dissolved,  filtered,  and  the  reducing  gas  passed 
through  the  liquid.  A  red  coloration  at  first  appeared,  followed 
by  a  white  precipitate  like  that  obtained  in  the  first  instance. 
A  quantity  of  ore  was  now  digested  in  hydrochloric  acid  and 
filtered  to  separate  the  insoluble  matter.  After  nearly  neutral- 
izing the  free  acid  with  ammonia,  acetate  of   ammonia  waa 
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added  in  excess,  and  then  acetic  acid  in  large  quantity.  On 
passing  sulphuretted  hydrogen  a  white  precipitate  was  again 
obtained.  This  experiment  was  repeated  several  times  with 
identical  results,  proving  that  the  substance  would  form  in  a 
solution  holding  free  acetic  acid.  The  precipitate  was  again 
subjected  to  a  qualitative  examination  and  this  time  with  suo- 
cesa  Previously  no  search  had  been  made  for  acids :  it  was 
now  decided  to  test  for  them.  Phosphoric  acid  was  soon 
found  and  the  true  character  of  the  substance  was  easily  deter- 
mined. The  precipitate  was  fused  in  carbonates  of  soda  and 
potash  and  digested  in  water.  The  phosphoric  acid  was  all 
dissolved  and  was  detected  with  molybaate  of  ammonia.  The 
nearly  white  residue  was  proved  to  be  a  mixture  of  titanium 
and  iron.  One-half  gram  of  the  ore  was  mixed  with  an 
eaual  weight  of  an  ore  holding  a  large  quantity  of  titanium. 
The  mixture  was  fluxed  in  bisulphate  of  potash,  and  finally 
subjected  to  the  action  of  sulphuretted  hydrogen.  A  precipi- 
tate weighing  six  centigrams  was  obtained.  The  sample 
first  examin^  could  give  only  two  and  a  half  centigrams  of 
precipitate.  This  ex|)eriment  was  followed  by  the  r^ular  tests 
for  titanium,  and  its  presence  was  soon  demonstrated.  Rutile 
was  now  powdered  and  mixed  with  phosphate  of  soda  and  an 
ore  free  from  titanium.  After  fusion  with  bisulphate  of  pot- 
ash and  digestion  in  water,  sulphuretted  hydrogen  gave  a  jjre- 
cipitate  as  in  the  previous  triala  As  it  now  seemed  proved 
that  sulphuretted  hydrogen  could  precipitate  titanium,  it  be- 
came interesting  to  know  whether  the  precipitate  formed  was 
definite  in  its  composition.  It  was  intended  to  pursue  this 
question  to  a  satisfactory  solution  if  possible,  but  owing  to  the 
pressure  of  other  matters  but  little  was  done :  too  little  to  jus- 
tify the  assertion  that  the  precipitate  was  a  definite  compound. 
Several  experiments  were  subsequently  made,  on  mixed  sam- 
ples of  rutile  and  an  ore  and  phosphate  of  soda,  and  a  precipi- 
tate was  obtained  in  every  instance  with  sulphuretted  hydro- 
gen. In  one  case  the  phosphate  of  soda  was  dissolved  in 
water  and  added  to  the  fused  rutile  and  ore.  Rutile  was  now 
fused  in  bisulphate  of  potash  and  digested  in  water ;  after  fil- 
tering, sulphuretted  hydrogen  gave  no  precipitate.  This  trial 
was  made  to  determine  whether  iron  was  necessary  to  precipi- 
tation ;  the  result  seemed  to  demonstrate  the  necessity  of  its 
presence  and  that  the  formation  of  a  precipitate  is  dependent 
upon  the  reduction  of  iron.  The  deportment  of  titanium  with 
phosphoric  acid  led  to  the  thought  that  possibly  it  might  be 
employed  as  an  agent  in  the  quantitative  separation  of  the 
phosphorus  in  iron  ores.  No  experiments  were  made  with  a 
view  to  the  settlement  of  this  question.  In  all  the  co-precipita- 
tions of  titanium  and  phosphoric  acid,  the  latter  was  present  in 
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excess.  It  is  possible  that  titaDium  in  excess  would  have  pre- 
vented precipitation  with  sulphuretted  hydrogen.  The  subject 
seems  worthy  of  an  investigation.  Let  us  now  pass  in  brief 
review  over  the  ground  we  have  traversed,  and  endeavor  to  see 
what  light  has  been  thrown  upon  the  properties  of  titanium 
and  whether  the  method  of  its  detection,  by  fusion  with  bisul- 
phate  of  potash,  as  given  in  books,  is  all  that  could  be  desired, 
and  whether  it  could  not  occasionally  mislead  the  analyst 
First,  the  properties  of  titanium.  It  was  found  that  it  would 
not  precipitate  readily  in  an  acid  solution  on  boiling.  Phos- 
phorus seemed  to  hinder,  if  not  to  entirely  prevent,  precipita- 
tion ;  so  this  method,  which  is  much  employed,  is  faulty.  In- 
deed, this  was  known  before,  for  some  works  of  analyses  tell  us 
that  zirconia  at  least  will  prevent  the  separation  of  titanium 
from  boiling  liquids.  2d.  We  find  that  titanium  colors  tur- 
meric paper  a  brown,  or  nearly  orange  color,  a  fact  before 
known  but  not  generally  mentioned  in  analytical  works.  8d. 
Sulphuretted  hydrogen  throws  down  titanium,  although  no 
books  seem  to  teach  it  Let  us  now  imagine  the  case  of  a  stu- 
dent testing  ores  for  titanium.  He  fuses  his  sample  in  bisul- 
phate  of  potash  and  digests  it  in  water ;  he  filters,  and  passes 
sulphuretted  hydrogen  through  the  liquid.  Sulphur  of  course 
separates  and  gives  the  solution  a  milky  appearance ;  he  regards 
this  sulphur  free  from  titanium.  As  the  milkiness  would 
render  it  impossible  to  see  whether  a  precipitate  formed  on  boil- 
ing, he  decides  to  filter  and  thus  render  the  liquid  clear.  On 
boiling  no  precipitate  forms.  The  titanium  has  been  thrown 
away  with  the  sulphur,  and  the  analyst  has  formed  a  false  idea 
of  tne  composition  of  his  sample.  It  is  plain,  then,  in  case  of 
filtration,  arker  passing  sulphuretted  hydrogen,  that  the  sulphur 
should  be  examined,  provided  titanium  be  not  found  on  boil- 
ing the  liquid. 


Art.  XXIX. —  Contributions  from  the  Sheffield  Laboratory  of  Yale 
College,  No.  XXXI. — Experiments  on  the  Decay  of  Nitrogen- 
ous Organic  Substances ;  by  H.  P.  Armsby,  Ph.B. 

It  has  been  shown  by  the  investigations  of  Mulder  (Chemis- 
try of  Animal  and  Vegetable  Physiology,  p.  673),  Boussing- 
ault  (Agronomic,  &c.,  t  i,  p.  318),  and  Dch^rain  (Annales  des 
Sciences  Naturelles,  Botanique,  t  xviii,  p.  147),  that  the  soil  and 
other  organic  or  partly  organic  substances  are  capable,  under 
some  circumstances,  of  causing  free  nitrogen  to  enter  into  com- 
bination in  them,  and  thus  of  increasing  their  content  of  that 
element.  This  increase  has  generally  been  attributed  to  the 
oxidation  of  free  nitrogen  to  nitrous  or  nitric  acids. 
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On  the  other  hand,  it  has  been  shown  bj  Reiset  (Becheiches, 
&e.,  snr  TAgronomie,  1866,  p.  48),  Lawes,  Gilbert,  and  Puch 
(Phil.  Trans.,  1861,  ii,  p.  501),  and  Schloesing  (Compt  fiend., 
t  Ixxvii,  p.  868),  that  auring  the  decay  of  nitrogenous  organic 
substances  in  presence  of  free  oxygen,  nitrogen  may  be  evolved 
in  large  quantities  in  the  free  state.  Konig  &  Kiesow  (Central- 
blatt  f.  Agriculturchem,  U.  Jahrg.,  7,  9^  have  shown  that  the 
presence  of  gypsum  prevents  this  loss  or  nitrogen. 

The  following  experiments  were  undertaken  in  the  hope  of 
obtaining  some  m  formation  in  regard  to  the  conditions  favoring 
these  reactions.  The  method  adopted  was  to  allow  organic 
matter  containing  a  known  amount  of  nitrogen  to  decay  under 
such  conditions  that  all  the  ammonia  given  oflF  could  be  col- 
lected and  estimated,  and  at  the  end  of  the  experiment  to  de- 
termine again  the  nitrogen*  The  experiments  were  conducted 
in  glass  bottles,  each  of  which  was  closed  by  a  rubber  stopper 
and  connected  with  a  three-bulbed  U-tube  containing  standard 
sulphuric  acid  to  prevent  any  escape  of  nitrogen  as  ammonia, 
ana  was  also  provided  with  a  glass  tube  for  the  admission  of 
the  gas  used  in  the  experiment  Two  sets  of  experiments 
(marked  L  and  U.)  of  four  each  were  made.  In  L  the  atmosphere 
in  the  bottles  consisted  of  air  purified  from  ammonia  and  nitric 
acid,  in  II.  of  nitrogen  prepared  from  air  by  means  of  phosphorus 
and  carefully  purined.     It  still  containea  traces  of  oxygen. 

With  the  exception  of  the  atmosphere,  the  conditions  of  cor- 
responding experiments  in  the  two  sets  were  the  same,  as  far  as 
possible. 

The  organic  matter  used  consisted  of  dried  and  sifled  barn- 
yard manure  intimately  mixed  with  about  one-fourth  its  weight 
of  dried  and  pulverized  flesh.  The  mixture  contained  2*11  per 
cent  of  water.  The  following  were  the  materials  and  quanti- 
ties used : 


Org. 

matter. 

Gypsum. 

Potash  (KOH) 

Water. 

Total  Nitrogen. 

L    1.^ 

15 

grms. 

.... 

6  c.c. 

0*486  grms. 

I.    2. 

16 

. ..  • . 

0-798  grms. 

0-486      " 

I.    3. 

15 

15  grms. 

6  c.c. 

0-486      " 

I.    4. 

15 

15      " 

0-798  grms. 

0-486      " 

IT.  1. 

15 

- «.  -  - 

6  c.c. 

0-463      " 

II.  2. 

15 

-  •  • . 

0-798  grms. 

0-453      " 

IT  3. 

15 

15  grms. 

6  c.c. 

0-463      " 

IT   4. 

15 

15      « 

0*798  ffrms. 

0-463      " 

The  potash  was  from  a  standard  solution,  of  which  7  cc  were 
used  in  each  experiment,  equivalent  to  about  6  cc.  of  water. 
The  mixtures  were  made  moist  but  not  coherent  All  the  in- 
organic materials  used  were  free  from  combined  nitrogen. 

The  first  set  (I.)  was  begun  March  9th,  the  second  (IL)  March 
81st,  the  per  cent  of  nitrogen  in  the  organic  matter  having  de- 
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creased  slightly  in  the  intervaL  Purified  air,  amounting  in  all 
to  about  5,800  c.c.  for  each  bottle,  was  aspirated  daily  through 
I.  The  temperature  during  the  experiments  ranged  from  50® 
— 80°  F.,  averaging  about  70**.  The  apparatus  stood  in  diffused 
daylight  but  not  in  direct  sunlight.  The  experiments  termi- 
nated May  15-21st,  when  the  mixtures  were  dned  with  suitable 
precautions,  and  analyzed  tor  nitrogen  and  ammonia.  The 
nitrogen  was  determined  by  combustion  with  soda-lime  and 
titration,  the  ammonia  by  boiling  with  magnesia  and  titration 
of  the  distillate.  No  ammonia  was  found  in  the  standard  acid 
in  the  U-tubes.  The  following  are  the  results  calculated  on  the 
whole  quantity  used : 


• 

I.  1. 

I.   2. 

L  3, 

L  4. 

n.i. 

TI.2. 

11.3. 

Tr,4 

Materials. 


Gain  (-f)  or  Iom  (-)  of 
nitrogen  * 

Weight    Per  cent 


Organic  matter  alone, 
Organic  matter  and  potash, 
Organic  matter  and  gypsum. 
Org.  matter,  potash  and  gypsum. 
Organic  matter, 
Organic  matter  and  potash. 
Organic  matter  and  gypsum. 
Org.  matter,  potash,  and  gypsum. 


— 0-064 
-fO-074 
-00302 
-0068 
- -0-0067 

-  -0-0876 
-0-0062 

—  0-0088 


—  11-11 
+15-22 

—  6-21 
— 18-09 
H-  1-48 
+  19-34 

—  1-14 

—  1-94 


G*ln  of  ammo- 
nia ezpreMed 
as  nitrogen. 


0-0118 
0-0301 
0-1661 
0-0907 
0-0614 
0-0266 
0-0784 
0-0479 


By  an  inspection  of  this  table  we  see : 

1st  That  with  the  exception  of  I.  2  and  IL  2,  there  is  a  loss 
of  nitrogen  in  everjr  case  (the  slight  gain  in  II.  1  being  within 
the  errors  of  experiment) 

2d.  That  this  loss  is  very  much  less  in  the  second  set  of  ex- 
periments, where  only  traces  of  oxygen  were  present 

This  result  agrees  with  those  of  Lawes,  Gilbert,  and  Pugh 
(Phil.  Trans.,  1865,  ii,  p.  609),  and  goes  to  show  that  the  loss 
of  nitrogen  is  caused  by  a  process  of  oxidation.  The  effect  of 
the  gypsum  seems  to  be  to  hinder  the  action.  There  seems  to 
be  no  obvious  relation  between  the  circumstances  of  the  experi- 
ments and  the  amount  of  ammonia  formed 

8d.  That  in  the  two  experiments  in  which  the  organic  matter 
was  mixed  with  potash  a  considerable  gain  of  nitrogen  took 
place,  which  was  greater  in  the  case  in  which  only  traces  of 
oxygen  were  present  These  two  mixtures  were  carefully 
tested  for  nitric  acid,  but  no  trace  of  it  was  found.  This  fact, 
taken  in  connection  with  the  greater  gain  of  nitrogen  in  the 
absence  of  free  oxygen,  appears  to  show  that  nitrification  is  not 
the  only  means  by  which  the  nitrogen  content  of  organic  mat- 
ter may  be  increased,  and  this  conclusion  is  supported  by  the 
results  of  Deh^rain  already  referred  to. 

*  Including  that  of  the  ammonia. 
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This  author  obtained  a  considerable  fixation  of  nitrogen  by 
glucose  and  other  organic  substances  mixed  with  alkali,  in  the 
absence  of  free  oxygen  or  at  least  of  a  suflScient  quantity  to 
have  formed  nitric  acid  with  even  a  small  part  of  the  nitrogen 
absorbed ;  and  though  he  makes  no  mention  of  any  direct  test 
for  nitric  acid,  it  seems  impossible  that  the  gain  of  nitrogen 
observed  by  him  could  have  been  due  to  nitrification. 

It  has  been  proved  by  Will  (Ann.  Chem.  Pharm.,  xlv,  106) 
that  ammonia  is  not  formed  by  the  union  of  free  nitrogen  with 
nascent  hydrogen ;  hence  the  gain  of  nitrogen  in  the  experi- 
ments described  above  is  not  due  to  that  reaction  with  the  nas- 
cent hydrogen  produced  in  decomposition. 

We  must  then  conclude  that  decaying  organic  substances,  in 
the  presence  of  caustic  alkali^  are  able  to  fix  free  nitrogen  wilhoiU 
the  gain  being  manifest  as  nitric  acid  or  ammonia,  and  probably 
without  the  formation  of  tliese  bodies. 

In  further  support  of  this  view  may  be  mentioned  the  results 
of  Boussingault's  investigations  on  this  subject  (Agr.,  &a,  t  i, 
p.  318).  He  several  times  obtained  a  gain  of  total  nitrogen  by 
a  sample  of  soil,  greater  than  that  gained  both  as  ammonia  and 
nitric  acid,  thus  showing  either  a  gain  of  nitrogen  in  other 
forms  than  these,  or  a  reversion  of  these  to  inert  forms  in  the 
soil  The  latter  explanation  can  hardly  be  accepted,  however, 
for  the  results  of  the  above  described  experiments,  nor  for 
Deh^rain's,  since  the  greater  gain  took  place  m  the  almost  entire 
absence  of  oxygen  ;  a  fact  which  favors  the  supposition  that  no 
nitric  acid  was  formed. 

In  conclusion,  I  wish  to  express  my  obligations  to  Prof  S.  W. 
Johnson,  at  whose  suggestion  these  experiments  were  under- 
taken, for  the  use  of  materials  and  apparatus,  and  for  manj 
valuable  suggestions  in  regard  to  the  conduct  of  the  experi- 
ments. 


Art.  XXX. — On  ike  Molecular  Heat  of  Similar  Compounds; 
by  Frank  Wigglesworth  Clarke,  S.B.,  Professor  of 
Chemistry  and  Physics  in  the  University  of  Cincinnati. 

It  is  commonly  stated  in  the  text-books  of  physics  that  simi- 
lar compounds  have  equal  molecular  heats.  Thus,  for  the 
chlorides  of  the  general  formula  MCI,  the  product  of  the  specific 
heat  into  the  atomic  weight  gives  approximately  a  single  value. 
But  the  equality,  under  ordinary  circumstances,  is  only  ap- 
proximate, as  a  few  examples  will  show. 

Taking  the  chlorides  of  tiie  alkaline  metals,  we  have  the 
following  good  determinations  of  specific  heat:  LiCl,  "28213; 
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NaCl,  -21401 ;  KCl,  -17295— all  by  Regnault ;  RbCl,  -112, 
Kopp.  Prom  these,  multiplying  by  the  atomic  weights,  we  get 
the  following  molecular  heats : 

LiCl,  1 1  -99. 

NaCl,  12-62. 

KCl,  12-88. 

RbCl,  13-64. 

Here  we  have  a  gradual  increase,  accompanying  an  increase 
in  the  atomic  weights.  A  similar  increase  is  found  in  Kopp's, 
Avogadro's  and  Neumann's  determinations  for  NaCl  and  fefcl, 
and  is  also  manifested  if  we  work  with  the  average  of  all  the 
reliable  published  determinations  for  the  same  series  of  bodies. 

In  a  similar  manner  we  can  compare  chlorides,  bromides,  and 
iodides.  Thus  we  have  KCl,  -17296 ;  KBr,  -11322 ;  KI,  -08191 ; 
all  by  Regnault     The  molecular  heat,  then,  is 

KCl,  12-88. 

KBr,  18-47. 

KI,  13-60. 

Again  there  is  a  slight  increase  accompanying  the  rise  in 
atomic  weight  The  chloride,  bromide,  and  iodide  of  silver, 
and  the  same  series  for  lead,  illustrate  this  still  farther,  although 
it  is  not  worth  while  to  cite  the  figures  here.  For  sodium, 
starting  with  the  fluoride,  we  have  about  the  same  thing,  only 
the  bromide  proving,  perhaps,  an  exception.  But  since  only 
one  determination  of  the  specific  heat  of  the  bromide  has  ever 
been  published,  it  is  likely  that  even  this  compound  may  be 
brought  into  Una 

Two  series  of  oxides  are  very  perfect,  as  follows:  AsjOg, 
•12786;  SbjOj,  -09009;  Bi^Oj,  -06058;  all  by  Regnault 
SiO,  (quartz),  -186;  TiOj,  (rutile),  -157;  SnOj,  (tinstone), 
•0894 ;  all  by  Kopp.  These  determinations  give  us  the  follow- 
ing molecular  heats : 


SiO,  11-16. 
TiOa  12-87. 
SnO,        13-40. 


A82O3,  26-31. 
SbjOa,  26-31. 
Bi^Og,  28-33. 

If,  instead  of  single  determinations,  we  take  the  mean  of  all 
the  published  values  for  the  specific  heat  of  these  substances, 
we  get  a  similar  result,  perfectly  in  accordance  with  the  idea  of 
a  steady  increase.  The  same  increase  is  illustrated  by  compar- 
ing the  sulphates  of  sodium  and  potassium,  their  nitrates,  tneir 
carbonates,  or  their  pyrophosphates.  We  may  also  compare 
NaNOg  with  NaPOg,  and  show  that  the  latter  substance  has  a 
molecular  heat  somewhat  higher  than  the  former.  In  short, 
by  means  of  very  complete  tables  of  specific  heat,  I  have  been 
able  to  demonstrate  the  fact  of  this  increase  in  over  twenty 
series  of  compounds.     Exceptions  (even  seeming  exceptions) 
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are  rare,  and  occur  for  the  most  part  when  there  are  bnt  single 
determinations  of  specific  heat  for  the  apparently  irregular 
substances.  Still  it  is  possible  that  there  may  be  series  of 
compounds  in  which  equality  exists,  or  in  which  there  may  be 
even  a  decrease  corresponding  to  an  increase  in  the  atomic 
weights.  One  more  series  will  suffice  to  illustrate  the  usual 
rule,  and  I  cite  this  because  it  is  the  one  most  frequently 
quoted  in  the  text-books  to  show  the  supposed  equality.  In- 
stead of  citing  single  determinations  of  specific  heat,  I  will  here 
give  the  results  obtained  from  an  average  of  all  the  published 
values : 

CaCO,,  21-09. 

SrCOg,  21-34. 

BaCOg,  21-49. 

PbCOg,  21-91. 

The  same  regularity  holds  if,  instead  of  taking  an  average 
of  all,  we  take  simply  Regnault's  or  Kopp^s  determinations 
alona 

The  fact  that  the  molecular  heat  increases  with  the  atomic 
weight  holds  good  for  liquids  as  well  as  for  solids,  and  is  here 
even  more  striking.  Three  series  will  serve  my  purpose  in 
this  connection.  For  the  specific  heats  themselves  I  will  refer 
to  my  tables  of  specific  neat  soon  to  be  published  by  the 
Smithsonian  Institution,  merely  stating  that  I  have  used  Eeg- 
nault's  determinations  for  all  the  substances  except  CCl^,  for 
which  Hirn's  value  has  been  employed. 


CC1„ 

31-91. 

SiCl^, 

32-42. 

TiCl,, 

35-25. 

SnCl^, 

3716. 

PC13, 

27-62. 

C,H,Br, 

23-44. 

A8C13, 

31-95. 

C^Hj,!, 

24-58. 

It  may  then  be  stated  as  a  general  rule,  to  which  the  present 
evidence  offers  only  a  few  exceptions,  that  in  any  definite  series 
of  similar  solid  or  liquid  compounds  the  molecular  heat  incrf'ases 
with  the  atomic  weighty  although  in  a  very  different  ratio,  I  have 
tried  to  establish  a  similar  relation  among  the  elements,  but 
thus  far  without  success.  The  results  here  are  extremelv  dis- 
cordant 

Now  what  is  the  meaning  of  this  regularity  ?  Is  Dulong  and 
Petit's  law  set  aside  by  it?  Speaking  for  solid  substances 
alone,  I  should  answer,  certainly  not  The  divergencies  from 
equality  are  easily  explained.  'The  specific  heat  of  a  substance 
varies  with  the  temperature,  generally  increasing  as  the  tem- 
perature rises.  But  the  rate  of  increase  is  very  different  for 
diflcrent  bodies.  The  specific  heat  of  carbon  increases  very 
rapidly,  that  of  platinum  with  extreme  slowness.     So,  then,  in 
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order  to  demonstrate  Dalon^  and  Petit's  law,  we  must  compare 
specific  heats  taken  not  at  tne  same  temperature,  but  at  co)Tes- 
ponding  temperatures.  This  gradual  increase  to  which  I  have 
called  attention  seems,  then,  to  indicate  a  regularity  in  these  cor- 
responding temperatures,  rather  than  an  irregularity  in  Dulong 
and  Petit's  law.  Taking  our  series  of  alkaline  chlorides  as  an 
example,  we  may  fairly  suppose  that  their  melting  points  (which 
have  not  been  measured)  are  related  to  each  other  as  the  melt- 
ing points  of  the  metals  contained  in  them.  Of  these,  lithium 
has  the  highest  melting  point,  potassium  next,  then  sodium,  and 
rubidium  the  lowest  If  the  melting  points  are  the  correspond- 
ing temperatures  for  solids,  and  we  determine  specific  heats  at 
one  temperature,  say  at  20°,  we  shall  have  a  value  for  lithium 
taken  at  a  great  distance  from  its  proper  temperature,  one  for 
potassium  at  a  less  distance,  one  for  sodium  still  closer,  and 
that  for  rubidium  nearest  of  all.  Then  we  should  find  that  the 
substance  having  the  lowest  melting  point  possessed  the  high- 
est molecular  heat,  a  result  very  naturally  to  be  expected.  It 
seems  probable,  therefore,  that  a  careful  mvestigation  side  by 
side  of  specific  heats  and  melting  points  would  lead  to  the  dis- 
covery of  some  direct  relation  between  these  two  sets  of  con- 
stants. For  specific  heat  much  new  material  is  needed.  For 
melting  points  there  are  but  few  valuable  determinations 
extant 


Art.  XXXL — Relation  between  the  Barometric  Gradient  and  the 

Velocity  of  the  Wind;  by  Wm.  Ferrel. 

(Read  before  the  Philosophical  Society  of  Washington  in  June,  and  also  the  Amer- 
ican Association  for  the  Advancement  of  Science  in  August,  1874.) 

1.  Let  G=  the  barometric  gradient  in  the  direction  in  which  it 

is  the  steepest,  estimated  by  the  amount  of  change 
in    the  mercurial  column  in  the  distance  of  100 
miles; 
V—  the  velocity  of  the  wind  per  hour; 
r=  the  radius  of  curvature  of  the  isobar  or  line  of  equal 

barometric  pressure ; 
i—  the  inclination  of  the  direction  of  the  wind  to  the 

isobar  on  the  side  of  lowest  pressure ; 
?i=  the  earth's  hourly  angular  velocity  of  rotation  in 

terms  of  the  radius; 
Z=  the  latitude  of  the  place ; 
P  =  the  barometric  pressure  of  the  atmosphere; 
P'=  the  value  of  P  at  the  earth's  surface. 
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The  foUowiDg  equation  then  expresses  very  nearly  the  rela- 
tion in  all  cases  between  the  barometric  gradient  and  the  velo- 
city of  the  wind : 

_  (2n  sin  l+u)v  sec  i    P  __ (0*524  sin  /+w)t>  sec  i     P 
^^)  8300000  •  F""  8300000  *  F' 

in  which 

V  cos  % 
(2)  «=— ^-. 

This  relation  expresses  a  general  law  which  is  of  as  much 
importance  in  meteoroL-^gy,  so  far  as  the  barometric  pressures 
and  the  velocities  of  the  winds  are  concerned,  as  Keplers  laws 
were  in  astronomy,  and  must  hold  for  all  latitudes  from  the 
equator  to  the  poles  both  at  sea  and  on  land,  and  for  all  alti- 
tudes from  the  earth's  surface  even  beyond  the  region  of  the 
cirrus  clouds.  It  may  be  applied  to  the  mean  constant  mo- 
tions and  pressures  of  the  atmosphere  depending  upon  the 
mean  diflference  of  temperature  between  the  equator  and  the 
poles,  unaffected  by  the  seasons,  wbich  gives  rise  to  two  grand 
neniispherical  cyclones,  of  which  the  poles  are  the  centers,  and 
of  which  the  cyclonic  motions  consist  of  the  approximately 
eastward  motions  in  the  middle  latitudes  and  the  trade  wincb 
in  the  torrid  zones,  and  also  to  the  ordinary  cyclones  of  com- 
paratively limited  extent,  including  the  violent  tornados  and 
waterspouts,  all  of  which  are  c\^clones  contained  within  the 
larger  cyclones  and  controled  by  their  motions.  It  is  likewise 
applicable  to  the  resultant  of  any  number  of  cyclones  contained 
within,  or  interfering  with,  one  another. 

2.  From  (2)  it  is  seen  that  xi  is  the  angular  velocity  of  gyra- 
tion around  the  center  of  curvature  of  the  isobar,  which  in  a 
perfect  cyclone  becomes  the  gyratory  velocity  around  the  cen- 
ter of  the  cyclone.  But  in  connection  with  this  gyratory  mo- 
tion there  is  generally  a  motion  either  toward  or  from  the  cen- 
ter of  the  cyclone,  toward  the  center  below  and  from  the  center 
above  in  an  ordinary  cyclone,  giving  rise  to  a  spiral  motion, 
and  hence  at  a  certain  height  the  motion  toward  or  from  the 
center  must  vanish  and  the  gyrations  be  circular.  The  value 
of  i',  therefore,  has  different  signs  below  and  above. 

The  value  of  i  depends  mostly  upon  friction,  but  in  some 
measure  also  upon  the  inertia  of  the  atmosphere  in  cases  where 
the  motions  are  either  increasing  or  decreasing,  as  in  the  begin- 
ning or  dying  away  of  the  cyclone.  Its  value,  therefore,  is 
greatest  on  land  and  near  the  earth's  surface,  and  comparatively 
small  at  sea  or  anywhere  in  the  upper  regions  of  the  air.  Its 
value  also  depends  upon  the  sine  of  the  latitude,  and  is  equal 
to  90°  at  the  equator,  where  sin/=0,  since  there  can  be  no 
gyrations  there,  and  the  motions  must  be  either  toward  or  from 
a  center  of  rarefaction  or  condensation. 
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In  a  perfect  cyclone  the  isobars  are  circular  and  r  becomes 
the  radius  of  the  circle,  and  in  this  case  the  gradients  are  esti- 
mated in  the  direction  of  the  radius  from  the  center.  In  the 
two  polar  hemispherical  cyclones  the  gradients  are  estimated  in 
tbe  airection  of  the  meridians,  and  the  isobars,  supposing  the 
cyclones  to  be  perfect  and  unaffected  by  local  disturbing, 
causes,  correspona  with  the  parallels  of  latitude.  In  this  case 
r  in  (2)  is  the  distance  from  the  earth^s  axis,  and  v  cos  i  ex- 
presses the  component  of  motion  relative  to  the  earth's  surface 
m  the  direction  of  the  parallels  of  latitude.  In  order  to  have 
the  expression  of  G  (1)  strictly  applicable  to  the  polar  cyclones 
we  should  have  w  sin  Z  instead  of  u,  but  the  value  of  u  in  com- 
parison with  2nsinZ,  in  this  case,  is  so  small  that  u  may  be 
neglected  entirely  without  sensible  error,  so  that  the  expression 
may  be  regarded  as  applicable  either  to  the  polar  cyclones,  or 
to  any  ordinary  cyclone,  or  to  the  resultant  of  any  number  of 
these  cyclones  interfering  with  one  another. 

3.  In  ordinary  cyclones  or  tornados,  in  which  circumstances 
may  be  such  as  to  give  a  very  great  gyratory  motion  near  the 
center,  the  term  in  (1)  depending  upon  u  cannot  in  general 
be  neglected,  and  it  may  even  become  much  greater  than  the 
term  depending  upon  n,  that  is,  upon  the  earth's  rotation,  and 
in  violent  tornados  and  waterspouts,  in  which  there  are  rapid 
gyrations  verv  near  the  center,  the  value  of  the  term  dependmg 
upon  u  may  oe  so  much  greater  than  that  depending  upon  n^ 
that  the  latter  may  be  entirely  neglected  in  comparison  with 
the  former.  For  instance,  if  the  distance  r  from  the  center  of 
the  cyclone  should  be  400  miles  and  the  velocitv  v  equal  to  40 
miles  per  hour,  if  we  regard  the  value  of  i  as  oeing  not  very 
large,  (2)  would  give  i/=0'l,  which  in  middle  latitudes  would 
be  about  one  fourth  of  0*524  sin  Z,  and  its  omission  would  give 
rise  to  considerable  error.  And  if  the  distance  from  the  center 
were  only  100  miles  and  the  velocity  of  the  wind  the  same,  the 
two  terms  in  the  expression  of  Q  would  be  about  equal,  and  for 
very  small  distances  from  the  center  with  a  large  value  of  i;,  it 
is  readily  seen  that  the  term  containing  n  and  depending  upon 
the  earth's  rotation  may  be  very  small  in  comparison  with  the 
other.  In  large  cyclones,  however,  and  at  a  considerable  dis- 
tance from  the  center,  the  value  of  G  depends  mostly  upon  the 
effect  of  the  earth's  rotation,  and  only  in  some  measure  upon 
the  mere  centrifugal  force  arising  from  the  gyrations  relative  to 
the  earth's  surface  around  the  center,  and  depending  upon  the 
term  containing  u  merely  and  not  n, 

4.  The  preceding  general  law  expressed  by  (1)  is  deduced 
from  carrying  out  more  in  detail  principles  which  the  writer 
has  already  had  published  at  different  times  and  placas,  but  a 
complete  demonstration  of  the  law  would  be  too  complex  and 
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require  too  much  mathematical  analysis  to  be  given  here.  It 
may,  however,  be  important  to  ^ve  the  following  explanatioD, 
rather  than  a  complete  demonstration,  of  this  law  so  far  as  it 
applies  to  ordinary  cyclones  of  not  very  great  extent,  especially 
as  the  method  of  presenting  the  matter  here  is  different  from 
any  which  has  heretofore  been  used. 

If  water  in  a  basin  at  rest  has  a  motion  of  gyration  around 
the  center,  the  mere  centrifugal  force  arising  from  the  gyrations 
causes  the  water  to  recede  from  the  center  and  produce  a  gradi- 
ent in  the  surface  of  the  water,  and  consequently  in  the  pres- 
sure of  the  fluid  upon  the  bottom  of  the  vessel.  If  we  let  r 
represent  the  distance  from  the  center  and  u  the  angular  veloc- 
itv  of  gyration,  the  centrifugal  force  is  expressed  by  rti'  sim- 
ply. But  if  in  addition  to  the  gyratory  motion  of  the  water  in 
the  basin,  the  basin  itself  also  has  a  gyration  like  a  dish  around 
its  center,  of  which  the  angular  velocity  is  represented  by  n\ 
we  then  have  for  the  whole  centrifugal  force 

r(w'+M)2=r(n'«+2;i'w-|-M»), 

and  the  gradient  referred  to  the  level  of  the  water  at  rest  in 
the  basin,  also  at  rest,  depends  upon  this  force.  But  if  we  refer 
the  gradient  to  the  level  of  the  water  at  rest  relatively  to  the 
basin  having  the  gyratory  velocity  n\  we  must  neglect  the  first 
term  in  the  second  member  above  depending  upon  n'  merely, 
and  the  gradient  then  depends  merely  upon 

r(2//«+M«)=(2;i'+M)t', 

putting  v=ru  for  the  lineal  velocity  of  motion  or  gyration  in 
this  case. 

5.  In  the  case  of  a  cyclone  upon  the  earth's  surface  of  siicb 
extent  only  that  the  curvature  of  the  surface  can  be  neglected, 
we  have  exactly  a  similar  case.  In  addition  to  the  gyratory 
motion  of  the  cyclone  relative  to  the  earth's  surface,  it  is  well 
known  that  the  part  of  the  earth's  surface  occupied  by  the 
cyclone  has  a  motion,  one  component  of  which  is  that  of  the 
g}Tation  of  a  disk  around  its  center.  At  the  poles  of  the  earth 
the  ani2ular  velocity  of  this  oryration  is  that  oi  the  earth *s  rota- 
tion  around  its  axis  represented  by  n,  but  for  any  place  between 
the  poles  and  the  equator  it  is  equal  to  the  velocity  of  the 
earth's  rotation  multiplied  into  the  sine  of  the  latitude,  that  is, 
equal  to  nsinZ.  In  this  case  we  have  nsin  /  corresponding  to 
n'  in  the  case  of  the  basin  of  water,  and  hence  we  have  {^In  sin/ 
'\-n)v  for  the  centrifugal  force  upon  which  the  gradient  of  the 
cyclone  depends,  for  the  term  in  this  case  depending  upon 
n^  sin 2  I,  corresponding  to  7/*  in  the  case  of  the  basin  of  water, 
must  be  neglected,  as  in  that  case,  since  the  atmospheric  gradi- 
ent is  referred  to  the  elliptic  surface  of  the  earth,  and  not  to 
the  surface  in  the  case  of  no  rotation  around  its  axis.     This 
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corresponds  with  the  centrifugal  force  in  (1),  upon  which  the 
gradient  depends  in  the  case  of  no  friction,  in  which  the  gyra- 
tions are  circular,  as  supposed  in  the  basin  of  water,  and  in 
which  consequently  sec  i  =  1. 

6.  If  we  put 

h=the  height  of  any  stratum  of  the  atmosphere  of  equal 
pressure ; 

p  =  the  density  of  this  stratum  ; 

p'=  the  value  of  p  at  the  earth's  surface ; 
we  shall  have 

(4)  ^=^AA, 

and,  putting  a  for  100  miles,  we  get,  according  to  the  definition 
of  G, 

(5)  G=^^.^, 
^  ^  10500     p" 

in  which  10500  is  the  ratio  very  nearlv  between  the  density  of 
the  atmosphere  and  of  mercury  at  tlie  surface  of  the  earth, 
where  the  atmospheric  pressure  is  supposed  to  be  80  inches 
and  the  temperature  equal  to  32°  of  Fahrenheit  When  the 
mean  temperature  of  the  atmosphere  is  greater,  the  value  of 
this  constant  should  be  increased  y^y  for  each  degree  of  tem- 
perature. 

With  the  value  of  D^  obtained  from  (5)  we  get  from  (4) 

^=10600^G.^. 
p  a       p 

But  the  first  member  of  this  equation  is  the  expression  of  the 
horizontal  accelerating  force  arising  from  a  difierence  of  pres- 
sure, and  this  in  the  case  of  no  motion  either  toward  or  irom 
the  center  of  the  cyclone,  as  in  the  case  of  the  basin  of  water, 
must  be  equal  to  the  part  of  the  centrifugal  force  causing  the 
gradient,  which,  when  the  gradient  is  referred  to  the  elliptic 
surface  of  the  earth,  we  have  seen,  is  (2nsin^+M)i;.  Hence  we 
get  in  this  case 

-^  =10600-^G .  -=(2n8in  l-^u)v. 
p  a        p     ^ 

Where  there  is  motion  toward  or  from  the  center  of  the 
cyclone  we  must  add  a  term,  F,  to  the  last  member  of  this 
equation,  to  represent  the  frictional  resistance  to  the  motion,  and 
likewise  one  to  represent  the  inertia  of  the  air  where  its  motion 
is  either  accelerated  or  retarded  On  account  of  the  extreme 
mobility  of  the  air  this  last  term  may  be  generally  neglected 
without  any  sensible  error,  in  any  of  the  usual  motions  of  the 
atmosphere,  for  it  can  be  shown  that  only  a  very  small  part  of 
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the  observed  barometric  gradients  are  necessary  to  overcome 
the  inertia  in  accelerating  and  retaixiing  the  observed  velocities. 
Neglecting,  therefore,  this  eflPect,  and  aading  F  to  the  last  mem- 
ber of  the  preceding  equation,  we  get 

p g     (2n8in/+M)uco8i-|-F     p 

Since  the  motion  is  now  spiral  and  not  circular,  and  the  cen- 
trifugal force  depends  simply  upon  the  component  belonging 
to  circular  motion,  we  must  use  nere  vcost  instead  of  v  simply 
in  the  preceding  expression. 

7.  By  the  principle  of  the  preservation  of  areas  in  the  <3ase 
of  central  forces  only  and  no  friction,  we  would  have  in  all 
parts  of  the  cyclone 

r*  (n  sin  /-|~^)= constant. 

Hence  we  get  by  diflPerentiation 

— r2>,w=2(n  sin  /+w)2>,r. 

The  second  member  of  this  equation  expresses  the  force  which 
tends  to  produce  a  gyratory  motion  around  the  center  of  the 
cyclone.  In  the  case  of  no  friction  this  force  is  all  spent  in 
accelerating  or  retarding  the  gyratory  velocity  as  the  particles 
of  air  approach  or  recede  from  the  center,  but  where  there  is 
friction,  it  is  mostly  spent  in  overcoming  the  frictional  resist- 
ance.    We  shall,  therefore,  have  very  nearly 

(7)  F'=2(n8in/+i/)2>,r, 

putting  F'  for  the  resistance  to  motion  at  right  angles  to  the 
radius,  or  in  the  direction  of  the  gyratory  motion. 

The  resistance  to  the  horizontal  motion  of  any  stratum  of 
atmosphere  which  has  to  be  overcome  by  the  existing  forces 
consists  in  the  diflference  of  the  actions  through  friction  of  the 
stratum  immediately  above  and  below  that  stratum,  so  that 
when  the  relative  velocity  of  eitlier  two  contiguous  strata  is  the 
same  there  is  no  resistance  to  be  overcome  by  the  forces.  In 
the  motion  of  the  winds  the  velocity  of  the  lower  stratum  rela- 
tive  to  the  earth's  surface  is  greatest,  the  velocity  of  the  second 
relative  to  the  first  a  little  less,  and  so  on,  until  at  a  moderate 
height  above  the  earth's  surface  the  relative  velocities,  and  con- 
sequentl}^  the  resistance  of  friction,  are  very  small.  Tlie  fric- 
tional resistance,  therefore,  which  has  to  be  considered,  belong- 
ing to  each  stratum  or  particle,  is  principally  near  the  earths 
surface,  and  at  a  small  distance  above  it  becomes  comparatively 
small.  Near  the  earth's  surface,  where  the  velocities  of  the 
strata  increase  with  the  height,  this  resistance  is  in  the  contrary 
direction  of  the  motion  of  the  atmosphere,  and  the  component 
of  this  resistance,  contrary  to  the  direction  of  the  gyratory  mo- 
tion, of  which  the  velocity  is  rucosi,  is  represented  by  F'. 
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The  other  component  of  the  resistance,  therefore,  contrary  to 
the  direction  of  the  radius,  in  which  the  velocity  of  motion  is 
J9|?',  is  represented  by 

p^p      i>>r    ^2(n8in/-H/)(i>,r)^ 
'  ru  COB  i  ru  cob  i 

This  expression  is  always  positive,  but  it  applies  only  to  the 
part  near  the  earth^s  surface,  where  the  one  component  of  mo- 
tion is  toward  the  center  of  the  cyclone. 

With  this  value  of  F  (6)  gives,  neglecting  ^u  in  comparison 
with  n  sin  I  in  the  value  of  F\ 

p_o     (2nmil+u)vcoBi/^  ,     (Ar)'  \     ft_ 

^^'  ^-7  •  10600         r**"  (v'^  iy) '  p' ' 

a    (2n  sin  /-f"^)^  ^ec  i    p 

""7  '  10600  '  p'  * 

since  by  the  definition  of  i  we  have 

(9)  tant=     ^'^ 
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Since  the  unit  of  time  is  one  hour  in  the  expression  of  G,  we 
must  put  ^=3600« X32-2  ft.=79040  miles. 

With  this  value  of  g,  putting  a=100  miles,  and  with  the  value 
of  n,  the  angular  rotatory  velocity  per  hour  of  the  earth's  rota- 
tion in  terms  of  the  radius,  which  is  0*262,  we  get  from  (8)  by 

P      P 
putting  — ,=p,,  the  expression  of  G  in  (1).    At  the  earth's  sur- 

p 
face  the  factor  p>  becomes  unity. 

8.  If  the  iaternal  and  external  parts  of  the  cyclone  had  the 
same  temperature,  the  strata  of  equal  pressures  would  be  par- 
allel, or  equidistant,  and  D^h  would  be  a  constant  for  the  same 
place  at  all  altitudes,  and  G  would  be  proportional  to  S.  But 
m  order  to  keep  up  the  motive  power  of  the  cyclone  there 
must  be  a  difference  of  temperature  between  the  internal  and 
external  parts,  and  this  causes  an  increase  or  decrease  in  the 
value  of  JDrh  with  the  altitude,  and  consequently  by  (5)  an  in- 
crease or  decrease  of  G  in  a  greater  ratio  than  that  of  p.  other 
things  remaining  the  sama  In  an  ordinary  cyclone,  in  which 
the  temperature  is  greatest,  and  consequently  the  density  least, 
in  the  interior  of  the  cyclone,  the  value  of  G  increases  in  a  less 
ratio  than  p,  and  hence  in  order  to  satisfy  (8)  v  cos  i  must  have 
a  less  value  above  than  below ;  but  the  reverse  of  this  is  true 
where  the  density  is  greatest  in  the  interior  at  the  same  pres- 
sure, as  in  the  polar  hemispherical  cyclones,  and  hence  the 
mean  constant  motions  of  the  upper  strata  of  the  atmosphere 
relative  to  the  lower  ones  is  eastward  in  all  latitudes. 
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9.  The  value  of  i  in  (8)  depends  upon  friction,  and  its  value 
can  only  be  determined  from  observation.  If  in  (7)  F'  vanishes, 
D|r  must  vanish,  and  consequently  by  (9)  i  vanishes  and  the 
gyrations  are  circular.  The  greater  the  value  of  F'  for  the 
same  velocity  or  value  of  «;,  the  greater  must  be  the  value  of 
D|?',  and  consequently  of  i  If  for  different  velocities  friction 
increases  as  the  velocity,  D^r  must  increase  as  the  velocity  in- 
creases, in  order  to  satisfy  (7),  and  hence  (9)  in  this  case  gives  i  a 
constant  for  all  velocities,  so  long  as  u  can  be  neglected  in  com- 
parison with  n  sin  I  in  (7),  but  near  the  center  of  the  cvcIodc, 
where  u  becomes  very  large  in  comparison  with  n  sin  Z,  D,r 
must  become  very  small,  other  things  remaining  the  same,  and 
hence  i  must  also  become  small.  For  all  ordinary  winds  it  is 
probable  that  the  value  of  i  is  nearly  constant  for  all  velocities, 
and  if  so,  being  once  determined  from  observation  for  a  given 
kind  of  surface,  as  that  of  the  sea,  or  of  any  kind  of  land  sur- 
face, as  that  of  a  prairie,  this  value  is  probably  applicable  to 
cyclones  of  all  degrees  of  violence  upon  such  surface,  except 
near  the  center,  and  may  be  regarded  as  a  known  and  fixed 
constant  for  that  kind  of  surface. 

10.  Some  verv  important  work  has  been  done  by  Rev. 
Clement  Ley  to  determine  the  value  of  this  constant,  the  results 
of  which  have  been  ^ven  in  the  Journal  of  the  Scottish  Meteor- 
ological Society  for  the  first  quarter  of  1873,  p.  66.  The  fol- 
lowing mean  values  of  i,  given  in  connection  with  the  several 
stations  in  the  following  table,  were  deduced  from  a  considerable 
number  of  observations  taken  indiscriminately  by  comparing 
the  directions  of  the  wind  with  that  of  the  isobars,  as  given  by 
the  signal  service  of  the  several  countries  to  which  the  stations 


belong : 

Scarborough, 

4"  58' 

Thurso,          15M' 

Nottingham, 

27' 44' 

Brest, 

7    25 

.Holyhead,    18   4 

Oxford, 

29  12 

SciUy, 

10      1 

Aberdeen,     21   3 

BrusRels, 

29  57 

Yarmouth, 

y^  49 

London,         21    7 

Paris, 

36   23 

Pembroke, 

14    47 

Greenoastle,  22   1 

Skudnesnaea, 

41    17 

From  these  results  Mr.  Ley  arrived  at  the  following  conclusions: 

I.  The  winds  commonly  incline  from  the  districts  of  higher 
toward  those  of  lower  pressure.  The  collective  mean  for  the  15 
stations  is  20"^  51'. 

II.  This  inclination  is  much  greater  at  inland  than  at  well 
exposed  coast  stations.  The  collective  mean  for  Brest,  Scilly, 
Yarmouth,  Pembroke  and  Holyhead  is  12^  49',  while  for  the 
internal  stations,  London,  Nottingham,  Oxford,  Brussels  and 
Paris,  it  is  28°  53'. 

These  results  exactly  confirm  the  theory  of  ordinary  cyclones, 
which  requires,  where  there  is  friction,  that  there  should  be  a 
motion  of  the  air  below  toward  the  center  of  the  cyclone,  as 
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well  as  a  motion  of  gyration,  and  hence  i  must  have  a  positive 
value.  This,  it  is  seen,  is  obtained  from  obsei-vation  lor  each 
one  of  the  15  stations  taken  separately.  Moreover,  the  inland 
stations,  where  the  resistances  are  greater,  give  a  greater  value 
of  i  than  the  stations  on  the  sea  coast,  where  the  resistances  are 
smaller.     This  likewise  accords  with  theory. 

From  the  small  value  of  i  obtained  by  Mr.  Ley  for  the  coast 
stations,  we  may  infer  that  at  sea,  and  likewise  in  the  upper 
regions  of  the  atmosphere,  it  is  still  considerably  less.  The 
value  of  /,  therefore,  in  (8),  except  at  internal  stations  where 
the  resistances  are  great,  may  be  regarded  so  small  that  its 
secant  can  be  taken  as  unity,  and  hence  either  the  gradient  or 
the  velocity  of  the  wind  is  known  the  one  from  the  other. 
For  inland  stations  near  the  surface,  where  the  resistances  are 
great,  the  value  of  i  must  be  obtained  from  observation. 

11.  With  regard  to  the  inclinations  of  the  winds  to  the  iso- 
bars belonging  to  the  different  quarters  of  the  compass,  Mr. 
Ley  obtained  lor  the  inclination  of  S.E.  winds  35°  11',  ot  N.E. 
winds  17°  43',  of  N.  W.  winds  9°  4^  of  S.  W.  winds  20°  13'.  In 
these  results  S.  winds  were  taken  as  S.W.  winds,  E.  winds  as 
S.E.  winds,  &c.  Hence  E.S.E  winds  have  the  greatest,  and 
W.N.W.  winds  the  least  inclinations  to  the  isobars,  which  cor- 
respond very  nearly  to  the  N.E.  and  S.W.  sides  of  the  cy- 
clones. Mr.  Ley  states  that  the  average  direction  of  the  cylones 
was  about  N.E.  Hence  it  appears  that  the  inclination  of  the 
front  part  of  the  cyclone  is  greatest,  and  that  of  the  rear  the 
least,  and  this  may  perhaps  be  found  to  be  a  general  law.  It 
was  also  found  that  the  diflferences  in  the  inclinations  of  the 
winds  from  the  diflferent  quarters  is  greatest  at  coast  stations. 

Mr.  Ley  likewise  obtained  the  very  important  result  that  the 
difference  between  the  inclination  of  strong  and  light  winds  at 
stations  on  the  coast  is  trivial,  but  at  inland  stations  the  mean 
inclination  is  less  with  strong  than  with  light  winds,  and  that 
at  all  stations  the  inclination  is  more  regular  with  a  gale  than 
with  a  light  wind.  This  is  all  exactly  in  accordance  with  the 
preceding  theory,  for  we  have  just  seen  in  a  precedinir  para- 
graph that  where  the  value  of  u  in  (7)  becomes  large,  as  it  does 
near  the  center  of  a  cyclone,  the  value  of  i  must  become  less  ; 
but  the  strongest  winds  are  also  near  the  center  of  the  cyclone, 
and  hence,  in  general,  the  strongest  winds  are  found  to  have 
the  least  inclinations  to  the  isobars.  And  as  the  tendency  of 
the  very  rapid  gyrations  near  the  center  is  to  approximate  to  a 
circular  gyration,  it  is  evide*nt  that  the  inclinations  must  be 
more  regular  with  such  winds,  which  are  generally  gales,  than 
with  light  winds;  as  found  to  be  the  case  by  Mr.  Ley  from 
observation. 

12.  If  the  water  in  a  basin  of  water  has  an  interchanging 


S52       W.  Ferrel — Relation  between  the  Barometric  Oradient 

motion  between  the  internal  and  external  parts,  and  this  basin 
itself  has  a  horizontal  gyratory  motion  around  its  center,  it  is 
well  known  that  the  water  toward  the  center,  by  the  principle 
of  the  preservation  of  areas,  tends  to  run  into  rapid  relative 
gyrations,  but  if  the  basin  has  no  such  gyratory  motion,  the 
water  does  not  run  into  such  gyrations,  but  simply  keeps  the 
gyrations  belonging  to  the  basin.  So  i^  by  means  of  the  rare- 
laction  of  some  area  of  the  atmosphere,  so  as  to  cause  a  differ- 
ence of  density  between  the  internal  and  external  parts,  an 
interchanging  motion  is  kept  up  between  these  parts,  the  atmos- 
phere must  run  into  gyrations,  that  is,  give  rise  to  a  cyclone, 
if  the  area  occupied  by  this  part  of  the  atmosphere  has  a  gyra- 
tion around  its  center,  as  we  know  it  has,  unless  this  center  is 
on  the  equator.  The  value  of  m,  therefore,  in  (7)  depends  upon 
the  amount  of  gyratory  motion  which  the  part  of  the  surface 
of  the  earth  occupied  by  the  cyclone  has  around  its  center,  and 
vanishes  at  the  equator  where  this  gyratory  motion  vanishes. 
The  factor  (n  sin  Z-fw),  therefore,  in  the  second  member  of  (7), 
depends  upon  the  latitude  of  the  place,  and  vanishes  at  the 
equator.  Hence  the  greater  the  latitude  the  less  must  be  the 
value  of  D,r,  when  v  cos  i  and  consequently  F',  the  resistance 
to  this  component  of  the  motion,  remain  the  same ;  and  there- 
fore by  (9)  the  less  must  be  the  value  of  i  At  the  equator 
also,  where  v  cos  t  vanishes  on  account  of  the  vanishing  of  the 
gyrations,  tan  i  becomes  infinite,  and  consequently  i=90**. 

13.  Mr.  Ley's  results  obtained  from  the  averages  of  all  the 
stations  correspond  to  about  the  parallel  of  50°.  We  now  see 
that,  according  to  theory,  the  less  the  latitude  the  greater  must 
be  the  value  of  i  obtamed  from  observation,  and  that  at  the 
equator  the  motions  would  be  found  at  right  angles  to  the  iso- 
bars. It  would,  therefore,  be  interesting  to  have  the  value  of 
i  obtained  from  observations  for  other  latitudes.  This  has  been 
done  recently  by  Professor  Loomis  (this  Journal,  July,  1874), 
from  two  years  observations  of  the  Signal  Service  of  the 
United  States,  as  given  in  one  of  the  tridaily  weather  maps 
for  each  day.  The  method  adopted  is  different  from  that  used 
by  Mr.  Ley,  but  the  results  obtained  should  be  the  same  by 
each  method.  The  angle  of  inclination  obtained  from  these 
weather  maps  was  over  45°,  which  is  more  than  one- third  of 
this  value  greater  than  that  obtained  by  Mr.  Ley  for  the  five 
inland  stations.  The  average  latitude  of  the  stations  on  the 
United  States  weather  maps  is  considerably  less  than  that  of 
the  five  inland  stations  used  by  Mr.  Ley,  and  a  part  of  the  pre- 
ceding difference  is,  no  doubt,  due  to  that  cause,  as  theory 
requires,  but  perhaps  the  greater  part  is  due  to  the  greater 
amount  of  frictioual  resistance  to  the  gyrations  in  a  new  and 
wooded  country. 
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In  the  case  of  the  trade  winds,  a  part  of  the  polar  cyclones, 
the  inclination  of  the  direction  of  the  wind  to  the  isobars  at 
sea  is  about  45°,  and  this  being  at  about  the  latitude  of  20°, 
the  value  of  this  angle,  by  theory,  should  be  very  much  greater 
than  its  value  at  sea  at  the  parallel  of  60°,  which  from  Mr. 
Ley's  small  value  obtained  for  the  coast  stations  is  perhaps 
less  than  10°,  so  that  this  also  confirms  the  preceding  theory. 

14.  Having  now  learned  something  from  both  observation 
and  theory  with  regard  to  the  value  of  the  theoretically  un- 
known angle* t  contained  in  the  relation  expressed  bv  (1),  we 
shall  now  proceed  to  make  some  comparisons  of  this  law  or 
relation  with  observation.  We  shall  first  consider  the  mean 
gradients  and  velocities  belonging  to  the  two  polar  hemispherical 
cyclones.  Observation  shows  that  the  barometric  pressure  is  a 
maximum,  and  that,  consequently,  G  vanishes  about  the  paral- 
lel of  85°  in  the  northern  hemisphere,  and  a  little  nearer  the 
equator  in  the  southern  hemisphere,  and  that  there  are  calm 
belts,  called  the  tropical  calm  belts,  at  these  latitudes,  except 
so  far  as  they  are  occasionally  disturbed  by  local  cyclones.  By 
the  relation  expressed  by  (1),  if  we  put  G=0,  we  must  also 
have  i;=0,  unless  cost  vanishes,  which,  we  have  seen,  does  not, 
except  at  the  equator.  There  must,  therefore,  be  a  calm  where 
G— 0,  and  hence  we  have  the  tropical  calm  belts.  At  the 
equator  we  also  have  G=0,  and  with  this  value  (1)  is  satisfied 
with  v=0,  that  is,  with  a  calm  belt,  as  observed  at  the  equator; 
but  it  is  likewise  satisfied  by  (2nsinZ+w)  vanishing  at  the 
equator,  and  hence  v  is  arbitrary. 

Again,  observation  shows  that  the  me^m  constant  barometric 
pressure  increases  in  the  middle  latitudes  in  going  from  the 
poles  to  the  equator,  and  decreases  within  the  tropics,  and 
nence  G  is  positive  in  the  former  case  and  negative  in  the  lat- 
ter. The  relation  of  (I),  or  of  (8),  requires  that  in  the  former 
case  we  should  have  the  principal  component  of  velocity,  v  cos  t, 
positive,  and  in  the  latter  case  negative,  that  is,  that  in  the  mid- 
dle latitudes  there  should  be  an  eastward  motion,  and  between 
the  tropics  and  the  equator  a  motion  toward  the  west  This, 
it  is  well  known,  is  in  accordance  with  observation. 

15.  The  barometric  pressures  given  by  Professor  Loomis 
(Meteorology,  p.  18)  indicates  that  at  about  the  parallel  of  64° 
in  the  nort&em  hemisphere,  and  about  the  parallel  of  74°  in 
the  southern  hemisphere,  there  is  a  minimum  of  barometric 
pressure,  and  hence  G  vanishes  in  these  latitudes,  and  there- 
fore, for  reasons  which  have  already  been  given,  we  must 
have  calm  belts  there.  The  observations  from  which  these 
pressures  have  been  deduced  perhaps  did  not  sufficiently  em- 
orace  all  longitudes  and  all  seasons  to  give  the  mean  con- 
stant pressures,  unaffected  by  local  circumstances  and  the  sea- 
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sons.  This  we  know  is  the  case  in  the  southern  hemisphere, 
where  the  most  southern  observations,  obtained  mostly  by 
the  British  Board  of  Trade,  were  necessarily  made  during  the 
summer  season,  when  the  barometric  pressure  is  the  greatest 
in  those  latitudes.  If,  however,  it  can  be  clearly  shown  by 
observation  that  the  mean  annual  pressure  is  a  minimum  at 
these  latitudes  all  around  the  globe,  then  the  gradient  or  value 
of  G  is  negative  between  these  parallels  and  the  poles,  and 
there  must  consequently  be  a  wind  between  these  latitudes  and 
the  poles  having  the  component  r  cos  i  frova  the  east,  and  as 
the  other  component  of  motion  at  the  surface  must  in  this  case 
be  from  the  pole  toward  the  minimum  pressure,  the  wind  must 
be  from  some  point  between  the  north  or  south,  according  to 
the  hemisphere,  and  the  east. 

16.  The  real  velocities  and  directions  of  the  mean  constant 
winds  have  been  determined  only  very  roughly  from  observa- 
tion on  any  part  of  the  globe,  ana  hence  no  very  accurate  com- 
parisons of  our  law  with  observation  can  be  made      Such  com- 
parisons, however,  all  seem  to  establish  the  truth  of  the  law 
within  the  limits  of  the  errors  of  observation.     The  mean  con- 
stant  isobars   in   the   British  Islands,  as  determined  by  Mr. 
Glaisher,  all  effects  of  the  seasons  and  of  local  disturbing  causes 
being  eliminated,  gives  very  nearly  G=0*02  of  an  inch.     With 
this  value  in  (1),  supposing  the  direction  of  the  wind  to  be 
toward  the  east,  or  nearly  so,  or  that  the  value  of  i  is  small,  we 
get  v=6  miles  nearly.     This  is  a  very  little  less  than  the  mean 
eastward  velocity  of  the  wind  here,  as  determined  by  the  late 
Prof.  CoflSn,  and  given  in  his  *'  Winds  of  the  Northern  Hem- 
isphere."    Again,  from  the  table  of  barometric  pressures  given 
by  Buchan  (Handy  Book  of  Meteorology,  p.  27)  we  deduce  the 
approximate  value  of  G=— 0*02  about  the  parallel  of  20°  in 
the  northern  hemisphere.     The  stations  in  this  table  belong  to 
widely  different  longitudes,  and  the  gradients,  no  doubt,  differ 
considerably  on  the  same  parallel  in  different  longitudes,  so 
that  this  is  merely  a  rough  average  value  for  that  latitude.     On 
the  ocean  in  this  latitude,  where  the  trade  winds  prevail,  with- 
out any  disturbance  from  local  disturbing  causes,  the  direction 
of  the  wind  being  about  N  E.,  is  inclined  to  the  isobars  about 
45°,  and  the  direction  being  westward  the  value  of  i   in  this 
case  is  about  180°-j-45°=225°.     With  this  value  of  i,  and  the 
value  of  G  above,  we  get  from  (1)  ^'  =  15  miles  nearly,  the  prin- 
cipal component  i;  cos  i  being  negative  and  consequently  west- 
ward in  this  case.     This  velocitv  cannot  differ  verv  much  from 
the  usual  velocity  of  the  trade  winds,  so  that  the  result  seems 
to  confirm  our  law  with  regard  to  velocities. 

From  the  table  of  barometric  pressures  ^iven   by  Buchan, 
which  has  been  already  referred  to,  we  obtain  for  the  parallel 
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of  52*^  in  the  southern  hemisphere  the  value  of  G=0*07  of  an 
inch,  and  the  tabular  results  from  which  this  is  obtained  are 
the  averages  of  a  very  large  number  of  observations  obtained 
by  the  British  Board  of  Trade,  so  that  this  gradient  may  be 
regarded  as  being  pretty  accurate,  and  it  is  perhaps  very  nearly 
the  same  on  that  parallel  all  around  the  globe.  Supposing  the 
value  of  i  here  to  be  small,  that  is,  that  the  wind  blows  very 
nearly  from  the  west,  we  get  from  (1),  with  this  value  of  G,  v 
=  21  miles  for  the  velocity  of  the  winds  on  this  parallel.  AH 
accounts  represent  the  west  winds  in  this  latitude  as  being  very 
strong  all  around  the  globe.  Mr.  Laughton  says  :*  "  Between 
the  parallels  of  40®  and  60°  the  westerly  .wind  blows  with  a 
constancy  little  inferior  to  that  of  the  trade,  but  with  much 
more  violence.  About  the  parallel  of  50°,  indeed,  it  is  found, 
as  a  rule,  to  be  blowing  *  half  a  gale  of  wind,'  and  this  not 
only  south  of  the  Atlantic,  but  all  round  the  world."  A  veloc- 
ity of  21  miles  per  hour  makes  a  pretty  strong  constant  wind, 
and  this  theoretical  velocity  probaoly  corresponds  very  nearly 
with  the  average  wind  in  this  latitude. 

17.  We  come  now  to  make  some  applications  of  the  law  to 
ordinary  cyclones.  Since  in  the  center  of  a  cyclone  the  baro- 
metric pressure  must  be  a  minimum  and  consequently  G=0, 
in  order  to  satisfy  (1)  in  this  case  we  must  have  v=0,  and 
hence  there  must  be  a  calm  at  the  center.  In  the  large  cyclones 
the  gradient  or  value  of  G  may  not  become  sensible  for  a  con- 
siderable distance  from  the  center,  and  in  such  cases  there  is  no 
sensible  velocity  of  the  wind  within  that  distance.  The  area 
of  almost  a  perfect  calm  in  some  cyclones  is  said  to  be  as 
much  as  30  miles  in  diameter. 

The  gyrations  of  the  external  part  of  a  cyclone  are  necessar- 
ily in  the  contrary  direction,  ana  hence  the  component  of  gy- 
ratory motion  i; cos ^  must  be  negative,  and  consequently  sect; 
in  (1),  and  the  sign  of  G  becomes  reversed.  At  some  distance, 
therefore,  from  the  center  of  a  perfect  cyclone  between  the 
center  and  the  outer  limit,  the  barometric  pressure  must  be  a 
maximum  and  G  vanish.  At  this  distance,  therefore,  by  our 
law  we  have  i;=0,  that  is,  a  calm.  Hence  areas  of  high  barom- 
eter must  generally  be  areas  of  calms. 

18.  If  the  isobars  of  a  cvclone  drawn  to  every  tenth  of  an 
inch  of  the  barometer  reduced  to  sea  level  are  100  miles  apart, 
we  have  G=0*1  of  an  inch.  With  this  value  of  G,  supposing 
the  value  of  i  to  be  so  small  that  we  can  put  seci=l,  we  get 
from  (1)  at  the  distance  of  400  miles  from  the  center  of  the  cy- 
clone, or  center  of  curvature  of  the  isobars,  and  on  the  parallel 
of  45°,  v=29  miles  for  the  velocity  of  the  wind ;  and  this 
would  be  very  nearly  the  actual  velocity  at  sea,  where  the 

*  Phjrsical  Geography  in  its  Relations  to  the  prevailing  V^inds  and  Currents,  p.  41. 
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value  of  i  is  small.  But  if  the  value  of  i  is  45°,  which  is  nearly 
the  value  obtained  by  Professor  Loomis  from  the  average  of  all 
the  stations  of  the  United  States  Signal  Service,  then  we  get 
for  the  velocity  of  the  wind,  under  the  same  circumstance 
i;=21  miles.  With  a  still  much  greater  inclination  than  this 
average  inclination,  which  must  frequently  happen,  this  velocity 
becomes  much  less. 

At  a  distance  of  only  100  miles  from  the  center,  all  the  other 
circumstances  being  the  same  as  above,  we  get  t;=22  miles  in 
the  case  in  which  t  is  small,  as  at  sea ;  and  in  the  case  in  which 
the  value  of  i  is  45®,  we  get  v=18  miles  nearly.  The  compari- 
son of  these  values  of  v  with  those  of  the  preceding  paragraph 
shows  that  the  velocity  of  the  wind  belonging  to  the  same  gradi- 
ent diminishes  considerably  toward  the  center  of  the  cyclone. 

19.  The  preceding  law  or  relation  contained  in  (1)  cannot 
be  tested  by  companng  the  observed  velocities  of  the  wind  in 
individual  cases  with  those  deduced  from  the  corresponding 
gradients  obtained  from  the  isobars  as  laid  down  on  the  weather 
maps  of  the  Signal  Service ;  for  these  being  laid  down  from 
observations  made  at  stations  which  are  in  many  cases  several 
hundred  miles  apart,  the  effects  of  the  minor  more  local  dis- 
turbances cannot  be  taken  fully  into  account,  since  within  an 
ordinary  cyclone  there  may  exist  several  smaller  cyclones  with 
distinct  centers  of  their  own,  of  so  small  extent  that  their 
effects  upon  the  isobars  cannot  be  determined  from  stations 
merely  at  wide  distances  apart.  The  law  can  only  be  tested 
by  comparing  the  average  velocity  of  a  great  many  individual 
cases  with  the  average  of  the  corresponding  observed  gradients, 
as  deduced  from  the  isobars,  taking  account  of  the  distances  of 
the  stations  from  the  centers  of  curvature  of  the  isobars. 

20.  According  to  the  empirical  law  of  Dr.  Buys  Ballot,  the 
wind  blows  at  right  angles  to  the  line  joining  the  highest  and 
lowest  pressures,  or,  in  other  words,  in  the  direction  of  the  iso- 
bars, and  with  a  force  proportional  to  the  steepness  of  the  gra- 
dient. This,  so  far  as  it  represents  the  true  law  of  nature,  is 
wholly  contained  within  the  preceding  theoretical  and  much 
more  general  law.  Theoretically  the  direction  of  the  wind  can 
never  exactly  coincide  with  that  of  the  isobars,  but  according 
to  the  results  obtained  by  Mr.  Ley  the  inclination  to  this  direc- 
tion mav  be  small  in  the  higher  latitudes  at  sea,  and  on 
level  prairie  or  mostly  cultivated  countries,  where  the  winds 
are  not  obstructed  by  wood  -  lands  ;  but  according  to  our 
theoretical  law  this  angle,  even  at  sea,  must  become  lar^e 
toward  the  equator,  and  accordingly  we  find  that  the  traae 
winds  at  the  parallel  of  about  20°  are  inclined  to  the  direc- 
tion of  the  isobars  about  45^.  This  law  of  direction  then, 
as  a  general  law  applicable  to  all  latitudes,  is  not  even  ap- 
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proximately  true  near  the  equator.  With  regard  to  the  force 
or  velocity  of  the  wind,  we  see  from  a  mere  inspection  of  the 
expression  of  G  in  (1),  that  the  velocity  in  all  parts  of  the 
cyclone  for  the  same  latitude  is  not  proportional  to  G,  but  is 
less  near  the  center  of  a  cyclone ;  and  this  has  likewise  been 
shown  (§17)  by  obtaining  numerical  results  in  special  assumed 
cases.  It  IS,  moreover,  seen  that  in  diflferent  latitudes  the 
value  of  V  corresponding  to  the  same  gradient,  or  value  of  G, 
must  be  nearly  inversely  as  the  sine  of  the  latitude,  especially 
at  a  considerable  distance  from  the  center  of  a  cyclone,  where 
u  in  (1)  is  small  in  comparison  with  2n  sin  I  For  this  reason 
the  violence  of  the  wind  in  a  cjclone  corresponding  to  the 
same  gradient  is  much  greater  within  the  tropics  than  in  the 
higher  latitudes 
21.  If  we  put 

G'=  G  divided  hj  100  miles ; 

D  =  the  barometric  depression  in  inches  at  the  earth*s 
surface  in  the  middle  of  a  cyclone ; 
we  shall  have 

^^  "UrJr  830000000  ' 

in  which  v  must  be  expressed  in  miles,  and  the  integration  be 
made  from  r=0  to  r  equal  its  value  when  the  barometric  pres- 
sure is  equal  to  some  assumed  value,  as  the  mean,  below  wnich 
the  depression  is  estimated. 

It  is  well  known  that  there  is  a  depression  of  the  barometer 
below  the  mean  in  the  middle  of  all  cyclones.  In  the  polar 
regions,  near  the  centers  of  the  two  polar  hemispherical  cy- 
clones, the  barometric  pressure  is  considerably  below  the  mean, 
near  the  north  pole  more  than  a  half  inch,  and  near  the  south 
pole  about  an  inch,  the  depression  at  the  latter  being  greater  on 
account  of  there  being  but  little  land  and  few  mountains  in  the 
southern  hemisphere  to  obstruct  the  gyrations  around  the  pole, 
upon  which  the  depression  depends.  In  the  middle,  also,  of 
ordinary  cyclones  a  depression  below  the  mean  of  two  or  more 
inches  is  sometimes  observed.  Up  to  this  time  no  meteorolo- 
gist has  accounted  for  these  depressions.  It  has  been  attempted 
to  account  for  them  by  means  of  the  centrifugal  force  arising 
from  the  gyrations  relative  to  the  earth's  surface  merely,  neg- 
lecting the  gyrations  arising  from  the  earth's  rotation ;  but  this 
in  all  cases  gives  an  eflFect  very  much  too  small.  For  upon  this 
principle  we  neglect  the  principal  tenn  in  the  expression  of  D 
(lO)  depending  upon  0*524  sin  ^,  and  retain  only  that  depending 
upon  w,  which,  we  have  seen,  is  generally  very  small  in  com- 
parison with  the  former.  In  fact,  in  the  two  polar  hemispheri- 
cal cyclones  u  is  so  small  in  comparison  with  0*524  sin  /,  that  it. 
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can  be  entirely  omitted  without  sensible  error,  so  that  by  re- 
taining merely  this  very  small  term  we  get  from  (10)  no  sensi- 
ble depression  of  the  barometer  toward  the  poles  at  all.  In 
ordinary  cyclones,  also,  the  eflfect  depending  upon  u  merely  is 
very  small  in  comparison  with  that  depending  upon  the  other 
term,  except  in  violent  tornados  of  small  extent,  in  which  the 
principal  part  of  the  gyrations  is  near  the  center.  By  using 
the  complete  expression  of  D  we  obtain  a  complete  and  satis- 
factory explanation  of  all  these  depressions.  When  a  cyclone 
is  of  large  extent  no  great  velocity  and  corresponding  steepne^ 
of  gradient  is  necessary  in  any  part  to  give  a  great  depression, 
for  the  greatness  of  the  depression  arises  from  tne  extent  of  the 
integration.  For  instance,  in  the  great  polar  cyclone  of  the 
southern  hemisphere,  we  have  seen  that  the  greatest  eastward 
velocity,  corresponding  to  the  steepest  part  of  the  gradient 
about  the  parallel  of  52°,  which  is  necessary  to  give  tne  great 
depression  near  the  south  pole,  is  only  twenty-one  miles  per 
hour. 

22.  All  barometric  oscillations  depend  almost  entirely  upon 
cyclonic  action,  and  are  caused  generally  by  the  passage  of 
ordinary  cyclones  over  the  place  of  observation.  Hence  at  the 
equator,  where  cyclones  cannot  be  formed,  there  are  scarcely 
any  sensible  barometric  oscillations  except  the  regular  small 
diurnal  oscillations.  In  this  case  the  expression  of  D  in  (10)  he- 
comes  indeterminate,  since  at  the  equator  (2n  sin  l-\-ti)  vanishes, 
but  sec  i  becomes  infinite.  But  since  the  value  of?"  depends  upon 
friction  and  upon  the  neglected  efi'ect  of  inertia,  the  value  of  D 
must  likewise,  in  this  case,  depend  upon  these.  Observation 
shows  that  at  and  near  the  equator  the  barometric  oscillations 
are  extremely  small.  CoL  Sykes  observes  with  regard  to  the 
small  diurnal  oscillations  on  the  plateau  of  the  Deccan :  *'  In 
many  thousand  observations  made  by  myself  there  was  not  a 
solitary  instance  in  which  the  barometer  was  not  higher  at  9-10 
A.  M.  than  at  sunrise,  lower  at  4-5  P.M.  than  at  9-10  A.  M.,  what- 
ever the  indication  of  the  thermometer  or  hygrometer  might  be:  nor 
was  there  a  solitary  instance  in  the  year  1880  in  which  the 
maximum  night  tide  was  not  higher  than  the  4-5  o'clock  day 
tide."*  Humboldt  likewise  observes  with  regard  to  the  regu- 
larity of  these  oscillations  in  the  torrid  zone  :  **This  r^ularitv 
is  such  that,  in  day  time  especially,  we  may  infer  the  hour 
from  the  height  of  the  column  of  mercury  without  being  in 
error,  on  an  average,  more  than  15  or  17  minutes.  In  the  tor- 
rid zone  of  the  new  continent  I  have  found  the  regularity  of 
this  ebb  and  flow  of  the  aerial  ocean  undisturbed  either  bv 
storm,  tempest,  rain,  or  earthquake,  both  on  the  coasts,  and  at 
elevations  of  nearly  13,000  English  feet  above  the  level  of  the 
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sea.''  These  small  diurnal  oscillations  have  nothing  to  do  with 
the  question  which  we  are  considering,  but  as  the  range  of 
these  oscillations  is  only  O'l  of  an  inch,  the  preceding  extracts 
show  that  the  irregular  oscillations  due  to  other  causes,  which 
in  the  higher  latitudes  frequently  amount  to  an  inch  or  more, 
in  the  torrid  zone  are  so  small  as  scarcely  to  interfere  with  the 
regularity  of  these  small  diurnal  oscillations,  and  hence  must 
be  themselves  very  small  At  the  equator  there  cannot  be  any 
gyration,  and  hence  in  the  storms  ana  tempests  of  which  Hum- 
boldt speaks,  the  motion  of  the  air  at  the  surface  of  the  earth  is 
directly  toward  the  center  of  the  area  of  diminished  density, 
and  both  the  inertia  of  the  air  and  the  friction  belonging  to 
this  motion  are  overcome  by  the  force  arising  from  almost  in- 
sensible barometric  gradients.  The  inertia,  therefore,  of  the 
air  merely,  which  we  omitted  at  the  outset  in  obtaining  the  re- 
lation of  (1),  is  overcome  by  a  very  small  part  of  the  usual  gra- 
dients, and  its  omission,  consequently,  gives  rise  to  only  a  very 
small  error  in  any  case.  In  a  cyclone  the  force  arising  from  the 
gradients  is  almost  exactly  balanced  by  that  arising  from  the 
centrifugal  force  of  gyration,  including  that  of  the  earth's  sur- 
face, and  so  great  is  the  mobility  of  the  air,  and  so  small  is  the 
amount  of  friction,  that  it  is  only  a  very  small  part  of  this 
force  which  is  spent  in  keeping  up  the  motion  of  the  air  be- 
tween the  internal  and  external  parts  of  the  cyclone. 

23.  If  friction  is  as  the  first  power  of  the  velocity,  it  is  evi- 
dent from  (7).  other  circumstances  remaining  the  same,  that  the 
gyratory  motion  of  a  cyclone,  and  consequently  the  value  of  v, 
IS  as  the  sine  of  the  latitude,  or  sin  /,  and  hence  the  value  of  D 
in  (10)  is  as  the  square  of  this  sine.  The  mean  monthly  ranges 
of  the  oscillations  of  the  barometer  must,  therefore,  increase 
with  the  latitude,  and  should  be  somewhat  in  proportion  to 
sin*i  This  is  shown  to  be  the  case  from  observation.  In  the 
following  table  we  have  the  mean  monthly  ranges  given  by 
observation*  corresponding  to  the  given  latitudes  in  the  first 
column,  and  in  the  last  column  we  have  the  ranges  which  in- 
crease as  sin'^,  putting  the  range  at  the  [)ole  equal  to  1*6  inches. 


1. 

Mean  monthly  ranges. 

1-6  in.  sinV. 

0° 

0-1  in. 

0-0  in. 

30 

0-4 

0*40 

45 

1-0 

0-80 

65 

1-33 

1-30 

78 

1-2 

1-36 

Of  course  we  cannot  expect  a  very  nice  agreement  in  the  last 
two  columns,  since  there  are  several  circumstances  besides  lati- 

*  Loomis^  Meteorology. 


860      TF.  Ferrel — Relation  between  ike  Barometric  Oradieni 

tude  which  affect  these  oscillations.  The  rapidity  of  the  gyra- 
tions in  a  cyclone,  and  consequently  the  amount  of  barometric 
depression  in  the  center,  depends  very  much  upon  the  amount 
of  aqueous  vapor  with  whicn  it  is  fed,  and  this  diminishes  fVom 
the  equator  to  the  pole  The  great  cyclones  also,  which  move 
from  lower  to  higher  latitudes,  continually  increase  in  diameter, 
and  hence  the  amount  of  depression  in  the  center,"and  the 
amount  of  barometric  oscillation  at  any  place  caused  by  the 
passage  of  these  cyclones  over  it,  must  increase  towani  the 
poles.  These  two  effects,  however,  tend  in  some  measure  to 
counteract  each  other.  The  monthly  range  of  0*1  of  an  inch 
at  the  equator  is  simply  that  of  the  diurnal  oscillations  due  to 
another  cause,  so  that  the  irregular  oscillations  sensibly  vanish 
there,  as  required  by  theory. 

No  adequate  cause  has  heretofore  been  given  for  these  oscilla- 
tions, nor  one  which  does  not  equally  apply  at  the  equator  and  in 
the  higher  latitudes.  We  have  here  given  a  complete  explana- 
tion of  them,  and  of  their  vanishing,  or  nearly  so,  at  the  equator, 
and  of  their  gradually  increasing  with  the  latitude.  We  now 
also  see  the  reason  wliy  the  diurnal  oscillations  are  so  regular, 
not  only  exactly  at  the  equator,  but  throughout  a  belt  of  con- 
siderable extent  on  each  side  of  it  For  the  irregular  oscilla 
tions,  which  interfere  with  the  regularity  of  the  diurnal,  being 
as  the  square  of  the  sine  of  the  latitude,  must  be  very  small  for 
a  considerable  distance  from  the  equator.  The  preceding  re- 
sults also  still  further  verify  the  law  expressed  in  (1),  since  the 
expression  of  (10),  upon  wtich  these  results  are  based,  is  ob- 
tained directly  from  the  former. 

24.  Wherever  the  atmosphere  over  any  large  area  of  the 
earth's  surface  receives  a  gyratory  motion  from  any  cause,  this 
motion  gives  a  value  to  u  and  v  in  (1),  and,  hence,  likewise  to 
G.  The  term,  however,  depending  upon  w,  in  any  such  case, 
is  so  small  in  comparison  with  that  depending  upon  2/i  sin  /, 
that  it  can  be  omitted  without  sensible  error.  We  can  also  put 
sec  1  =  1  in  this  case,  and  then  we  have  v=ru,  and  v  may  be 
either  positive  or  negative.  If  v  is  positive,  that  is,  if  the  gy- 
ration is  from  right  to  left  in  the  northern  hemisphere,  or  the 
contrary  in  the  southern,  the  value  of  G  is  positive,  and  the 

Eressure  increases  from  the  center  outward,  and  there  is  low 
arometer  at  the  center;  but  if  the  gyrations  are  the  contmry 
way  in  either  hemisphere,  the  value  of  G  is  negative,  and  con- 
sequently high  barometer  at  the  center  of  gyration.  The  west- 
ward motion  of  tiie  air  at  the  parallels  of  the  trade  winds  in 
the  Atlantic  Ocean,  and  the  eastward  motion  in  the  middle 
latitudes,  are  in  some  measure  obstructed  by  the  continents 
and  deflected  from  their  course.  The  westward  motion  north 
of  the  equator  is  turned  northward  over  and  along  the  coast  of 
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the  United  States,  and  the  eastward  motion  in  the  North  At- 
lantic is  deflected  south  and  north  by  the  continent  of  Europe, 
while  on  the  corresponding  part  of  the  coast  of  America  the 
air  is  drawn  away  faster  than  it  is  supplied  by  the  flow  over 
the  continent  on  account  of  the  greater  resistances  on  land  than 
on  sea,  and  the  same  occurs  on  the  African  coast  in  the  torrid 
zone.  Hence  the  deflected  currents  supply  these  deficiencies 
and  give  rise  to  two  gyrations  in  the  North  Atlantic,  the  one 
being  a  gyration  from  left  to  right  over  a  large  area  having  its 
center  about  the  parallel  of  30°  and  half-way  between  the  con- 
tinents; the  other,  in  the  northern  part  of  the  Atlantic,  being 
a  gyration  from  right  to  left,  and  having  its  center  about  the 
parallel  of  65^.  Hence  there  is  an  area  of  high  barometer  in 
the  middle  of  the  former  gyration,  and  of  low  barometer  in  the 
middle  of  the  latter.  The  effect  of  these  gyrations  is  indicated 
by  the  isobars  drawn  on  the  British  Admiralty  charts,  on  which 
several  of  these  isobars,  drawn  to  tenths  of  an  inch  of  the  bar- 
ometer, always  return  into  themselves.  If  we  suppose  these 
isobars  to  be  500  miles  apart  at  any  place,  on  the  parallel  of  30°, 
the  value  of  Q  would  be  0*02  of  an  inch,  and  witn  this  value  of 
G,  putting  /=30°,  we  get  from  (1)  t;=8  miles  nearly  for  the 
velocity  of  gyration  per  hour  at  that  place.  In  the  northern 
gyration  the  velocity  corresponding  to  the  same  gradient  would 
Be  less  on  account  of  the  greater  value  of  sin  /.  From  the 
isobars  of  the  Admiralty  chart  we  see  that  there  are  two  simi- 
lar gyrations  in  the  North  Pacific,  causing  an  area  of  high 
barometer  about  the  latitude  of  30°,  and  of  unusually  low 
barometer  toward  the  pole.  There  are  also  indications  of  these 
gyrations  immediately  south  of  the  equator  in  both  the  Atlan- 
tic and  Pacific  Oceans,  and  also  in  the  Indian  Ocean,  as  shown 
by  the  isobars,  but  not  toward  the  poles,  since  the  continents 
in  the  southern  hemisphere  do  not  extend  far  enough  south  to 
produce  the  necessary  deflections  there. 

25.  If  we  multiply  the  second  member  of  (1)  by  10,500,  the 
ratio  between  the  density  of  the  air  at  the  earth's  surface  and 
mercury,  by  which  we  get  800  nearly  for  the  denominator  in- 
stead of  8,300,000,  G  expresses  the  gradient  of  sea-level  due  to 
the  deflecting  forces  of  tne  earth's  rotation.  The  southern  part 
of  the  North  Atlantic  is  supposed  to  make  a  gyration  in  about 
three  years,  on  account  of  the  more  complete  deflections  of  the 
continents  in  this  case  similar  to  those  of  the  atmosphere. 
This,  at  the  distance  of  1,500  miles  from  the  center  of  gyration, 
would  give  v=— 0*35  of  a  mile,  v  being  negative,  since  the  gyra- 
tions are  from  left  to  right.  With  this  value  of  y,  putting 
sec  1  =  1,  we  get  from  (I)  with  the  new  denominator,  G  =  — 0*58 
of  a  foot  for  the  change  of  sea  level  in  100  miles  on  the  parallel 
of  30°.     The  value  of  G  being  negative  shows  that  the  sea- 
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level  is  highest  in  the  middle  of  the  gyration,  and  the  difference 
of  sea-level  between  the  center  and  the  external  part  of  the  gj-- 
ration  would  amount  to  several  feet.  Similar  gradients  in  the 
sea-level  are  produced  wherevt-T  there  are  ocean  currents,  the 
gradient  being  proportional  to  the  velocity  of  the  current  and 
flie  sine  of  the  latitude. 


Art.  XXXIL — Researches  in  Acoustics;  by  Alfred  M.  Matee. 
Paper  No.  7,  containiag: 

Experiments  on  tlie  Reflection  of  Sound  from  Flames  nnd  Heated 
Gases. 

The  reading  of  the  recent  interesting  research  of  Prof.  Tyu- 
dall  on  "Experimental  Demonstrations  of  the  Stoppa;;e  of 
Sound  by  partial  Reflections  in  a  non- homogeneous  Atmosphere" 
(Proc.  R  'S.,  Jan..  1874;  Nature,  Jan.  29,  Feb.  5).  and  of  the 
subsequent  paper  by  Mr.  Cottrell  "  On  the  Division  of  a  Sound- 
wave by  a  Layer  of  Flame  or  Heated  Gas  into  a  reflected  and  a 
transmitted  Wave"  (Proc.  R  S.,  Feb.  12,  1874),  caused  rae  to 
turn  my  attention  to  the  experimental  illustration  of  the  reflec- 
tion of  sonon>ua  vibrations  from  flames,  heated  gases,  and  fpini 
sheets  of  cold  gases  and  vapors. 

The  following  experiments  are  of  easy  execution,  and  show 
in  a  marked  manner  the  reflecting  powers  of  sheets  of  f 
and  heated  gas,  and  even  serve 
to  give  approximate  measures 
of  these  reflecting  i)ower3. 

Take  two  similar  resonators 
and  place  the  i.>lanes  of  their 
mouths  at  a  right  angle;  then 
in  this  angle  firmly  fix  the 
fork  corresponding  to  the  res- 
onators, so  that  the  broad 
face  of  one  of  its  prongs 
faces  the  mouth  of  one  res- 
onator, while  the  space  be- 
tween the  pro  tigs  fiiees  the 
mouth  of  the  other  resonator. 
(Si-e  the  figure.)*  By  trial  , 
the  two  planes  of  the  fork  are 
placed  at  such  distances  from 
the  resonators  that  complete  interference  of  the  vibrations 
*  The  wood-cut  illuslrHting  thia  paper  has  been  kindly  given  to  me  bj  Dr. 
Henry  Wurtz,  the  editor  of  the  American  Gas- Light  Journal,  in  which  publicstioo 
ut  accaunt  of  theaa  axperimenta  first  appeared — Uaj  2,  1874. 
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issuing  from  their  mouths  is  obtained,  and  the  only  sound 
that  reaches  the  ear  is  the  faint  sound  given  by  the  fork's  ac- 
tion on  the  air  outside  the  angle  included  by  the  mouths 
of  the  resonatoi-s.  If,  in  these  circumstances,  we  close  the 
mouth  of  either  resonator  with  a  piece  of  cardboard,  the  open 
resonator  will  strongly  reinforce  the  sound  of  the  fork.  If 
we  now  also  cover  the  mouth  of  the  latter  resonator  with  a  piece 
of  cardboard  we  shall  again  have  silence.  Also,  if  we  substitute, 
for  one  of  the  pieces  of  cardboard,  a  slip  of  stout  glazed  note- 
paper,  the  same  result  is  obtained.  But,  if  we  replace  the  piece 
of  note-paper  by  a  similar  piece  of  French  tracing-paper,  a  faint 
sound  issues  from  the  resonator  so  covered,  because  the  tracing- 
paper  is  suflBcient.v  permeable  to  sonorous  vibrations  to  permit 
the  resonator  to  slightly  reinforce  the  sound  of  the  fork.  This 
reinforcement  becomes  greater  if  we  substitute  for  the  tracing- 
paper  a  piece  of  tissue  paper — such  as  is  used  in  printed  books 
to  cover  steel  engravings — and  a  yet  greater  reinforcement  is 
produced  when  we  put  in  the  place  of  the  tissue-paper  a  piece 
of  the  soft,  loosely  woven  paper  which  is  used  by  French  instru- 
ment makers  for  the  inner  wrapping  of  their  packed  wares.  I 
thus  obtained  a  graded  series  of  substance^s,  more  and  more 
permeable  to  sonorous  vibrations. 

I  again  obtained  neutralization,  by  interference,  with  the 
mouths  of  the  resonators  open,  and  then  screened  the  mouth  of 
one  of  them  with  a  bat's-wing  coal-gas  flame.  The  vibrations 
issuing  from  the  resonators  were  now  no  longer  neutralized,  but 
the  vibrations  fix)m  the  uncovered  resonator  had  a  great  ascen- 
dancy over  the  other,  so  that  a  strong  sound  issued  from  it  I 
now  tried  to  destroy  this  superiority  by  screening  its  mouth 
successively  with  the  graded  series  of  paper  screens.  The  loose, 
soft  paper  was  not  equal  to  it ;  nor  was  the  tissue-paper ;  but  the 
tracing-paper  just  equalled  the  eflfectof  the  gas-flame  in  guard- 
ing the  mouth  of  the  resonator  from  the  entrance  of  sonorous 
vibrations.  On  lowering  the  gas-flame,  so  that  its  top  luminous 
border  was  just  below  the  mouth  of  the  resonator — and  there- 
fore onlv  a  sheet  of  heated  air  ascended  across  the  latter, — the 
balance  of  the  tissue-paper  against  the  hot  gases  and  vapor  re- 
mained unimpaired.  Thus  it  appears  that  the  reflecting  power 
of  a  sheet  or  coal-gas  flame  or  of  a, sheet  of  the  heated  car- 
bonic acid  and  vapor  of  water  just  above  it,  exactly  equals, 
in  the  above  described  circumstances,  the  reflecting  power  of 
tracing-paper. 

I  have  also  found  that  the  passage  of  a  sheet  of  cold  coal-gas 
across  the  mouth  of  the  resonator,  was  sufficient  to  destrov  the 
balance  of  the  interference,  and  caused  a  faint  sound  to  issue 
from  the  other  resonator;  a  similar  efiect,  and  nearly  equal  in 
intensity,  was  obtained  with  a  sheet  of  cold  carbonic  acid  gas ;, 
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while  cold,  dry  hydrogen  closed  the  mouth  of  the  resonator 
more  effectively  than  either  of  the  above  gases,  but  was  far  in- 
ferior in  this  shielding  action  to  the  sheet  of  heated  gases  above 
the  bats-wing  gas  flame.  I  attempted  to  get  a  rough  measure 
of  the  *•  acoustic  opacity  "  of  hydrogen,  but  could  find  no  sub- 
stance suflSciently  permeable  to  balance  it,  except  a  sheet  of 
rather  fine  wire  gauze.  We  should  not  place  too  much  confi- 
dence in  measures  of  the  reflecting  power  of  surfaces  made  by 
the  method  just  described,  and  which  I  have  used  merely  to 
give  approximations  of  the  reflecting  powers  of  the  above 
named  gaseous  sheets ;  for  the  substance  which  closes  the 
mouth  of  the  resonator  may  allow  a  considerable  portion  of 
the  sonorous  vibrations  to  enter  the  latter,  and  yet  the  resonator 
may  not  be  able  to  reinforce  the  sound  by  reason  of  its  being 
thus  thrown  out  of  tune  with  the  fork,  by  an  unyielding  sur- 
face closing  its  aperture.  Thus,  a  sheet  of  thick  note-paper 
prevents  resonance  as  effectively  as  a  thick  piece  of  Bristol- 
board,  or  a  plate  of  metal ;  yet  we  know  well  that  these  sub- 
stances have  very  different  powers  to  reflect  sonorous  vibrations. 
As  a  flat  coal-gas  flame  equals  a  piece  of  tracing-paper  in  re- 
flecting sonorous  vibrations,  it  follows  that  we  can  substitute 
the  former  for  the  latter  in  all  experiments  where  the  presence 
of  the  paper  produces,  by  its  reflecting  power,  an  alteration  in 
intensity  or  in  pitch.  Thus,  if  we  vibrate  a  fork  before  the 
mouth  of  a  resonator  while  the  nipple  of  the  latter  is  open,  we 
obtain  a  far  inferior  reinforcement  to  what  takes  place  when  the 
nipple  is  closed  Now,  the  nipple  can  be  partly  closed  with  a 
gas-flame  or  a  sheet  of  heated  air.  Thus,  alternately  closing 
and  opening  the  nipple  of  an  Ut^  resonator  with  the  flame  of  a 
Bunsen  burner,  gives  excellent  results.*  The  reflecting  power 
of  a  bats- wing  flame  is  also  well  shown  by  successively  closing 
and  o|)ening  the  mouth  of  any  resonant  box  of  forks  in  the 
octave  Ut^  to  Ut^.  Also,  if  the  plug  be  taken  out  of  the  ends 
of  closed  organ  pipes  and  these  pipes  be  placed  horizontally, 
the  reflecting  effect  of  the  flame  is  heard  when  the  latter  is 
passed  forward  and  backward  across  the  open  ends  of  the  pipes, 
while  the  ear  is  placed  in  the  axes  of  the  pipes.  The  simplest 
method,  however,  is  to  sound  the  fork  (either  continuously  by 
electro-magnetism,  or  by  a  bow)  in  front  of  its  resonator,  and 
successively  to  close  and  open  the  mouth  of  the  latter  with  a 
flame  or  sheets  of  heated  gas,  or  of  cold  vapors  or  gases.  The 
contemplation  of  these  experiments  naturally  calls  up  the  ques- 
tion. Is  the  action  of  the  flame  due  entirely  to  reflection?  may 
it  not  also  absorb  part  of  the  sonorous  vibrations,  as  in  the 
analogous  phenomena  of  the  reflection  of  light?     If  the  inten- 

*  In  all  of  the  experiments  described  in  this   paper  care  was  taken  that  no 
heated  air  or  gases  entered  the  resonators,  and  thereby  put  them  out  of  tune. 
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sity  of  the  sonorous  vibrations,  which  have  traversed  the  flame, 
equal  the  intensity  of  the  vibrations  which  impinged  on  the 
flame  minus  the  intensity  of  those  which  were  reflected  from 
the  flame,  then  there  is  no  absorption  of  these  vibrations  by 
the  flame ;  but  if  this  equality  does  not  exist,  then  there  is 
absorption  in  the  flame;  and  this  means  that  the  flame  is  heated 
by  the  sonorous  vibrations :  which  enter  the  flame  as  sonorous  vibra- 
tions, but  issue  from  the  flame  as  heat  vibrations.  It  thus,  at 
first,  appears  that  the  absorption  of  the  sonorous  vibrations 
might  be  detected  by  their  production  of  an  increase  in  the 
temperature  of  the  flame;  just  as  sonorous  vibrations  are  ab- 
sorbed by  caoutchouc  and  reappear  as  heat  in  this  substance. 

In  the  following  manner  I  have  recently  made  experiments 
in  the  direction  of  determining  the  equivalent  of  a  given 
sonorous  aerial  vibration  in  fraction  of  a  Joule's  unit  of  772 
foot-pounds.  I  stretched  between  the  prongs  of  an  Utj  tuning- 
fork  a  piece  of  sheet  caoutchouc,  ^-J^  inch  in  thickness,  and 
about  J  inch  broad.  The  efiect  of  this  rubber  on  the  vibrating 
fork  is  rapidly  to  extinguish  its  vibrations,  while  the  rubber 
itself  is  heated ;  and  if  a  fork  be  vibrated  continuously  by  one 
and  the  same  force  when  the  rubber  is  stretched  on  it,  and  then 
when  it  is  taken  ofl^,  the  aerial  vibrations  produced  by  the  fork 
are  far  more  intense  in  the  latter  circumstances  than  in  the  for- 
mer. By  a  method  described  by  me  in  this  Journal,  Feb., 
1871, 1  measured  the  relative  intensities  of  the  aerial  vibrations 
in  these  two  conditions  of  vibration.  The  sheet  of  caoutchouc 
was  enclosed  in  a  compound  thermo-battery  and  the  fork 
vibrated  during  a  known  interval;  the  rubber  was  heated  by 
the  vibrations  which  would  have  appeared  as  sonorous  vibra- 
tions if  the  rubber  had  been  removed  from  the  fork.  The 
amount  of  heat  given  to  the  caoutchouc  was  accurately  deter- 
mined by  the  deflections  of  a  Thomson  reflecting-galvanometer 
connectai  with  the  thermo-battery ;  and  by  knowing  the  interval 
during  which  the  fork  vibrated,  the  amount  of  heat  given  to  the 
caoutchouc  during  this  interval,  and  the  equivalent  of  the 
heated  rubber  in  water,  I  calculated  the  intensity  of  the  so- 
norous vibrations  in  terms  of  a  thermal  unit,  from  which  I  at 
once  obtained  the  value  of  the  sonorous  aerial  vibrations  when 
the  fork  was  not  heating  the  rubber ;  in  other  words,  when  it 
vibrated  freely.  I  thus  found  that  the  sonorous  aerial  vibra- 
tions, produced  during  ten  seconds,  by  an  Uta  fork  placed  in 
front  of  its  resonator,  equalled  about  j-jniV^ir  ^f  a  Joule's  unit; 
that  is,  they  can  be  expressed  \x\  the  work  done  in  lifting  54 
grains  one  foot  high.  This  quantity  of  heat,  which  is  equal  to  the 
heating  of  one  pound  of  water  y^^'^^^  of  a  degree  Fahr.,  ex- 
pressed the  amount  by  which  the  gas  flame  would  be  heated  if 
it  absorbed  all  of  the  sonorous  vibrations  issuing  from  the  Ut^ 
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resonator.  But  this  is  such  a  small  fraction  of  the  entire  heat 
in  the  flame,  that  it  is  far  within  the  actual  fluctuations  in  its 
temperature,  and  even  if  the  flame  were  constant  in  tempera- 
ture, this  small  increase  could  not  be  detected  by  any  known 
thermometric  method.  We  cannot  therefore  determine  the 
amount  of  absorptive  power  of  a  flame  or  of  a  sheet  of  heated  air 
for  sonorous  vibrations,  by  experiments  on  their  increased  tem- 
peratures when  sonorous  vibrations  impinge  on  these  bodies. 

Hoboken,  April  10th,  1874. 


Art.  XXXIIT. —  Velocity  of  Primitive  UhdtUatimi  ;   by  Pliny 
Earle  Chase,  Professor  of  Physics  in  Haverford  College.* 

Newton's  hypothesis  of  a  primitive  sethereal  energy,  as  the 
source  of  cosmical  attraction,  underlies  the  fifty  thesesf  which 
I  have  submitted  as  a  contribution  to  the  discussion  of  Anders- 
sohn's  "  Ldsung  des  Problems  tiber  den  Sitz  und  das  Wesen  der 
Anziehung,"  at  the  coming  Breslau  meeting  of  the  German 
Association  of  Naturalists  and  Physicians.  In  those  theses  I 
have  embodied  some  of  the  most  important  conclusions  to  be 
drawn  from  the  physical  investigations  in  which  I  have  been 
engaged  during  the  past  twelve  years,  and  I  desire  to  invite 
special  attention  to  the  curious  analogy  in  the  closing  thesis, 
which  may  perhaps  furnish  an  important  clue  to  the  unity  of 
forces  that  so  many  are  seeking,  and  of  which  Secchi  treats  so 
largely. 

Ilenry's  experiments  have  shown  that  there  may  be  ponder- 
able resistance  occasioned  by  imponderable  agency  ;  Plateau's, 
that  motion  may  shape  cosmical  masses ;  Anderssohn's,  that 
so-called  attractions  may  be  explained  by  thrusts  as  well  as  by 
pulls ;  my  own,  that  purely  mechanical  vibrations  may  pro- 
duce polarity.  The  tendency  of  modern  theorizing  to  resolve 
all  physical  agencies  into  forms  of  motion,  suggests  the  inquiry 
whether  the  primitive  motion,  of  which  gravity  and  other 
forces  may  be  special  developments,  has  a  constant,  or  a  varia- 
ble velocity.  The  hypothesis  of  constancy  seems  to  me  more 
probable  a  priori^  and  the  subordinate  variability,  directly  as 
the  mass  and  inversely  as  the  square  of  radius,  can  be  readily 
explained  in  accordance  with  that  hypothesis;  inasmuch  as  the 
number  of  radial  impulses,  intercepted  by  a  given  surface, 
varies  as  the  inverse  square  of  the  distance,  and  the  inertia 
varies  as  the  mass.  Galileo^s  law  of  rectilinear  motion,  New- 
ton's laws  of  motion  with  reference  to  centers  of  force,  and  the 

*  Read  before  the  American  Association  at  Hartford,  Aug.  13,  1874. 
f  Proc.  Amer.  Phil.  Soc,  xiv,  141-7. 
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resulting  laws  of  curvilinear  motion  under  combined  tangential 
and  focal  impulses,  are  all  simple  corollaries  from  the  hypothe- 
sis of  a  universally  oscillating,  perfectly  elastic,  imponderable, 
material  aether,  which  would  necessarily  establish  special  sys- 
tems of  centripetal  and  centrifugal  undulations  about  every 
center  of  gross  inertia.  We  may,  therefore,  reasonably  seek 
for  the  value  of  the  hypothetical  constant  velocity,  and  in 
order  that  our  terms  may  all  be  strictly  comparable,  we  will 
look  merely  at  radial  action,  either  toward  the  sun's  center,  or 
toward  the  central  sun.     Let 

2F=M= modulus  of  Newtonian  8Bther= height  of  a  homoge- 
neous sethereal  atmosphere,  at  sun's  surface,  which  would 
propagate  undulations,  or  motion  toward  a  vacuum,  with 
the  primitive  constant  velocity=2x  virtual  fall,  which 
would  produce  the  same  velocity. 

2r= diameter  of  sun  at  any  given  time,  either  actual,  or  when 
homogeneously  expanded  or  contracted  to  any  point  in 
space  ;  r^^nr^  being  the  present  radius,  and  r^  the  radial 
unit. 

2r, = Vp  =diameter  of  sun  at  which  the  sethereal  and  gravitating 
motions  would  all  be  equal,  and  2F  would=2r=Vo=v,= 
v,^=V;,^=2/;  Vq  being  the  limit  of  possible  aBthereal  ve- 
locity =  primitive  constant  velocity,  expressed  in  the  unit 
of  time  of  traversing  2r^. 

v^=^2gr=2   I— =velocity  communicated  by  infinite  fall  to 

sun's  surface,  (present,  past  or  future ;  actual,  expanded 

or  contracted). 

2        4r 
v..  =--i;p= 7-= mean  velocity  of  grand-central  undulation  ac- 

7t  tp 

cordant  with  ?;p,  {vp  being  superficial  equatorial  velocity, 
and  tp  being  time  of  solar  rotation). 

v,,^=2f=2f^i^  =g=^2gf=2r Q=^  falling  velocity  communicated, 
at  sun's  equatorial  surface,  by  virtual  lall  through  the 
radius  of  a  circumference  equivalent  to  a  primitive  wave- 
length =  focal  distance  of  the  vertex  of  a  corresponding 
parabolic  wave.     Then 

g  =  ||^=  ^=2^=  -^ ,  and  we  have  the  following  geomet- 
rical series : 

M  oor»  M,  =2r,7i^  =478800  r, 

—  oorf  =2r,wf  =    978-8  r, 

2r  ocr  2r^  ^2r^n  =  2  r^ 

—  oor^  =2r,rii  =r, -7- 248*8 

v^  cor^  v,    =2r,r^«  =r,-i-118450 


^/    00  r  -  ^ 
v^^  00  r  -  ' 
—  oor-  1 
V/,/  00  r  -  « 

^/// 
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V,     =2r,n-i  =r,-f- 57640000 

=2r,n-  '  =r,-f- 28055000000 

=2r,n-|  =r,~18654000000000 

=2r,n- «  =r^ -7-6645600000000000 

The  values  in  the  right-hand  column  are  determined  by  the 

constant  ratio,  n^=486'7,  which  is  approximately  found  by 
dividing  the  known  value  of  v,  by  the  approximately  known 
value  oT  V,, ,  as  follows : 

The  approximate  values  of  tp  vary  between  the  estimate  of 
Sporer  (2127554  sec.),  and  that  of  Herschel,  Bianchi  and  Lau- 
gier  (2168080  sec.)     The  respective  corresponding  values  of 

^jj  are  — —  ~rr-  and  — -r-l— -  in  one  second  of  time.    Earth's  mean 
"  631888  647020 

2  TT  y*  i^/2 

distance  from  sun  being  214*86r^ ,  we  find  v  =  —  — ^ ^= 

lyr.-i-214-86« 

4?rr  * 

•000887r,  per  second  ;  ^= -^ j-  =  -OOOOOOSOSr,  per 

,  (lyr.-7-214-86*)« 

second:  n*=«;^-T-v^^  =  471 '7  according  to  Sporer,  478*3  accord- 
ing to  Carrington,  480*3  according  to  Faye,  485*1  according  to 
Herschel,  or,  as  will  be  shown  below,  486*7  if  the  velocity  of 
primitive  undulation  is  identical  with  the  velocity  of  light 

Then  i;o=v,/i*=*4183r,  per  second  (S.),  •4242r,(C.),  •4295r,  (F.). 
•43()2r,  (H.),  or  ^SlBr^  (v  1.). 

The  value  v,,,  =  2r^  represents  the  following  comparative 
considerations  of  rectilinear  or  curvilinear  motion.     Let 

t'u  =  linear  velocity  communicated  by  virtual  fall  through  —  ,= 

circular  velocity  acquired  by  virtual  fall  through  \-^  =  cir- 

cum.  H-47r),  in  the  time  of  traversing  Vq  by  revolution  in  a 
circular  orbit,  =  parabolic  perihelion  velocity,  or  velocity 
of  infinite  fall,  at  a  distance  of  2ro  from  the  attracting 
center. 
to  =  a  circular  wave  of  same  length  as  the  primitive  wave, 
=  wave  generated  by  a  single  centripetal  impulse. 

o  ~  i~~  primary  virtual  fall  corresponding  to  a  single  wave- 

length. 

Then  26' =  4;rr,-f-n»=r,-T- 1057700000000000,  if  n*  =  486  7. 

If  we  adopt  other  estimated  values  of  n*  the  number  of  wave- 
lengths per  second  mav  be  provisionally  estimated  as  between 
•4183r,-rw;(S.)  and  •4302r^-7-?^  (H.),  or  between  3(57(10)"  and 
446(10)".     These  extreme  estimates  both  correspond,  in  rapid- 
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ity,  to  undulations  near  the  hottest  portion  of  the  solar  spec- 
trum,* and  indicate  a  possible  complete  identification  of  the  sun's 
attractive  and  thermo-dynamic  energies. 

According  to  Struve's  constant  of  aberration,  vj^^  (the  velocity 

497*83 
of  light)  =r^~-  ='4316r^  per  second.    The  corresponding 

value  of  n'=486'7,  and  the  number  of  vibrations  per  second 
=457(10)^,  as  before  stated.  Therefore  the  constant  velocity 
of  primitive  sethereal  impulsion,  %  which  would  account  for 
all  the  gravitating  motions  of  the  solar  system,  is  almost^  if  not 
exactly^  identical  with  the  velocity  of  lights  the  several  approxi- 
mate values  being,  in  units  of  light-velocity. 


According  to  Spdrer, 
"          "  Carrington, 
"          "  Faye, 
"          "  Herschel, 

•969 
•983 
•987 
•997 

Light, 

1000 

These  values  exhibit  a  discrepancy,  varying  between  J  of  one 
per  cent  (H.)  and  3*1  per  cent  (S.).  If  this  close  accordance  is 
significant  of  actual  pnysical  influence,  there  are  various  uncer- 
tainties of  observation,  in  the  Ciements  of  the  calculation, 
which  might  account  for  a  still  greater  discrepancy.  Perhaps 
the  most  important  is  the  uncertainty  as  to  the  proper  allowance 
for  the  differences  in  the  angular  velocity  of  sun-spots  in  dif- 
ferent latitudes.  If  there  were  no  resistance  to  the  revolution 
of  the  spots,  their  velocity  should  be  planetary,  and  therefore 
far  greater  than  it  actually  ia  On  the  other  hand,  if  they  were 
rigidly  imbedded  in  a  rotating  mass,  their  angular  velocity 
should  be  uniform.  The  diflFerences  are  such  as  to  suggest  the 
possibility  that  the  velocity  may  be  partly  planetary  and  partly 
rotary,  in  that  case  it  is  not  unlikely  that  even  Herschel  s 
estimate  of  Vp  may  be  J  of  one  per  cent  too  great.  The  well 
known  thermo-dynamic  principles  which  point  to  a  gaseous 
structure  of  the  sun,  as  well  as  Professor  Young's  observations 
on  the  force  of  solar  explosions,  seem  to  indicate  so  nice  an 
adjustment  of  centripetal  and  centrifugal  forces  within  the  sun's 
mass,  as  to  strengthen  the  hypothesis  that  its  mean  mass,  its 
mass-fluctuations,  the  varying  motions  of  its  spots,  and  the 
varying  orbital  eccentricities  of  its  attendant  planets  and 
satellites,  may  all  be  continually  determined  by  the  constant 
primitive  motion. 

The  three  following  additional  relationships  may,  perhaps, 
prove  to  be  something  more  than  merely  curious. 

*  If  the  identification  is  exact,  the  actual  number  of  oscillations  per  second  is 
467  (10)^' ;  the  number  in  the  extreme  red  raj  being  440  (10)>'  if  we  estimate 
8un*8  mean  distance  at  92,000,000  miles. 
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1.  The  common  ratio  of  the  geometrical  series,  n^,  is  very 

nearly,  if  not  exactly,  v/4 ^—. — ;  rv/*4  beinff  thera- 

'^  "  mass  of  planets  ^ 

dius  of  spherical  gyration. 

2.  The  number  of  vibrations  of  the  mean  caloriferous  rays, 
in  the  unit  of  time  which  satisfies  all  the  equations  of  the 
geometrical  series,  is  nearly,  if  not  exactly,  the  cube  of 
2  X  sun's  mass 

Jupiter's  mass' 

8.  If  the  sun's  velocity  of  equatorial  rotation  be  regarded  as 
the  velocity  at  the  vertex  of^  a  parabolic  wave,  and  conse 
quently  as  measured  by  the  focal  distance  of  the  vertex,*  the 
motion  of  sun's  center  in  space  will  be  measured  by  the  para- 
meter of  the  same  parabola.  This  is  in  weighty  accoraance 
with  the  stellar  and  planetary  correlations  which  I  communi- 
cated to  the  American  Philosophical  Societyf  on  the  20th 
Sept,  1872. 

If  we  were  to  suppose  a  slight  sethereal  expansion  by  the 
intense  heat  at  the  sun's  surface,  the  inrushing  colder  aether 
might  produce  gyrations  analogous  to  our  atmospheric  cyclones. 
But  independent  of  any  such  hypothesis,  it  is  by  no  means  cer- 
tain that  there  may  not  be  some  slight  progressive  aethereal 
motion,  combined  with  the  motion  of  wave-form,  or  some  radial 
oscillation  accompanying  the  transverse  light-undulations. 
Any  such  progressive  motion,  capable  of  communicating,  at 

each  wave-impulse,  a  velocity  =  /"  ,  would  suffice  to  pro- 
duce the  greatest  manifestation  of  gravitating  force  in  the  solar 
system,  in  pursuing  any  investigations  for  the  further  elucida- 
tion of  the  subject,  due  regard  should  be  paid  to  the  double 
system  of  centripetal  and  centrifugal  waves  originated  bv 
inert  matter-molecules,  and  to  the  aethereal  properties  whick 
admit  of  Laplace's  supposed  instantaneous  transmission  of 
gravitating  action.:]:  It  is  well  also  to  consider  that  all  the  per- 
manent gravitating  motions,  represented  by  r^,  v^^,  tend  to  per- 
i)etual  oscillation,  and  may  therefore  be  subjected  to  all  the 
aws  of  oscillation. 

Whatever  difficulties  we  may  find  in  trying  fully  to  account 
for  the  foregoing  accordances,  these  accordances  are  well  estab- 
lished facts  in  nature.  They  are  facts  in  perfect  keeping  with 
Newton's  original  hypothesis,  as  well  as  with  the  hydro-dy- 
namic and  mechanical  investigations  of  Challis,  Norton,  and 
Leray,  with  the  experiments  upon  cosmo-plastic  forces,   and 

♦  g=z2J .-.  n/2^  =  2  y/fh.  f  ^^^  ^*  P-  S-i  ^  618-22. 

f  But  not  Docessarily  of  gravitating  motion. 
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with  the  tiMious  harmonies  of  cosmical  and  molecular  mass  and 
motion  ^hich  I  have  published  elsewhere  ;  facts  which  seem  to 
me  to  lend  new  probability,  if  not  moral  certainty,  to  the  belief 
in  a  discoverable  and  measurable  uniform  origin  of  all  physical 
forces. 

Philadelphia,  August,  1874. 


Art.  XXXIV. — (hi  Serpentine  Pseudomorphs^  and  other  kinds^ 
from  the  Tilly  Foster  Iron  Mine,  Putnam  Co,^  New  York  ;  by 
James  D.  Dana.     With  plates  VI  and  VII. 

Thk  **  Tilly  Foster''  iron  mine  is  situated  about  two  miles 
and  a  half  to  the  northwest  of  Brewster,  on  the  Harlem  Eail- 
road.  The  rocks  of  the  region  are  Archcean,  being  part  of  the 
Highland  Range,  which  reaches  from  New  Jersey,  across  East- 
ern New  York,  nearly  to  the  borders  of  Connecticut  The  ore 
of  the  mine— magnetite— is  distributed,  according  to  a  pub- 
lished report,  through  a  band  182  feet  wide ;  and,  like  that  of 
Northern  New  York  and  other  Archaean  regions,  it  constitutes 
a  bed  conformable  to  the  stratification. 

The  special  mineralogical  interest  of  the  locality  was  first 
ascertained  by  Professor  O.  D.  Allen,  of  the  Sheffield  Scientific 
School  of  Yale  College,  and  the  collections  made  by  him  have 
been  the  source  of  many  of  the  facts  which  are  here  detailed. 
Prof.  Allen  has  given  me  further  aid  in  the  research  by  his 
chemical  examinations  Prof  Brush  too  has  kindly  placed 
the  specimens  in  his  cabinet  before  me  for  study.  I  have  also 
visited  the  region  and  thus  added  to  the  number  and  variety  of 
the  specimens  under  examination.  The  analyses  and  descrip- 
tions of  some  of  the  minerals  of  the  mine  by  Mr.  E.  S.  Breiden- 
baugh,  in  a  paper  published,  in  1873,  in  the  sixth  volume  of 
this  Journal  (p.  207),  have  given  me  additional  assistance. 

L  Geological  structure  of  the  region. 

1.  Archcean  rocks, — The  Archaean  rocks  of  the  region  are 
mostly  different  varieties  of  syenyte  and  syenytic  gneiss,  from 
black  to  white  in  color,  and,  as  usual  in  Archa3an  formations, 
they  are  often  in  abrupt  alternations,  so  as  to  make  broad  bands, 
riband-like,  of  black  and  white,  with  black  blotchings;  and 
the  lines  of  bedding  are  much  contorted.  The  syenytic  gneiss 
varies  to  a  granular  hornblende  rock,  containing  little  feldspar; 
also  to  a  whitish  granulyte-like  rock,  but  little  schistose,  con- 
sisting of  quartz  and  orthoclase,  with  a  very  sparse  sprinkling 
of  hornblende ;  also  to  a  homblendic  gneiss,  in  which  both 
hornblende  and  biotite  (or  a  black  mica)  are  present :  also  to  a 
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trae  gneiss,  but  only  sparingly.  The  feldspar  of.  the  rocks  is 
generally  whitish,  though  sometimes  flesh-red;  and,  judging 
from  the  absence  of  striaa  on  either  cleavage  surface,  it  is  ortho- 
clase.  Whitish  mica  (muscovite)  is  of  rare  occurrence.  Minute 
zircons  may  often  be  found  by  searching  in  the  syenytic  rock 
with  a  lens. 

The  rocks  are  generally  very  durable;  but  at  the  railroad 
cut  in  the  village  of  Brewster,  both  the  syenytic  gneiss  and  the 
included  hornblende  rock  are  crumbling  to  a  depth,  in  some 

E laces,  of  three  or  four  feet,  and  this  disaggregation  appears  to 
e  in  rapid  progress. 

2.  Ore-bed, — The  magnetite  of  the  ore  bed  is  more  or  less 
mixed  with  chondrodite.  In  a  portion  of  it,  the  magnetite 
greatly  predominates,  and  the  ore  passes  for  massive  magnetite. 
But  through  the  larger  part  the  chondrodite  constitutes  half  or 
more  of  the  mass,  while  much  of  the  outer  portion  of  the  bed  is 
correctly  described  as  chondrodite  containing,  along  with  some 
other  minerals,  disseminated  grains  of  magnetite.  Massive 
chondrodite  is  the  chief  constituent  of  the  refiise  from  the  mine, 
and  may  be  had  there  by  the  ton. 

The  chondroditic  rock  and  ore  often  contain  disseminated 
chlorite;  less  generally,  dark  green  or  greenish-black  horn- 
blende and  grayish  or  brownish-gray  enstatite;  occasionally, 
disseminated  white  dolomite  and  brownish-black  biotite;  while 
orthoclase  is  not  found,  except  in  the  enclosing  syenyte.  Mo- 
lybdenite is  occasionally  met  with,  and  rarely  apatite.  A  little 
pyrrhotite  and  chalcopyrite  occur  with  some  of  the  ore,  and 
still  less  frequently  pyrite. 

A  small  part  of  the  rock  is  dolomite,  with  disseminated  grains 
or  crystals  of  chondrodite  and  occasional  grains  of  magnetite. 

3  Veins  in  the  ore-bed. — In  small  veins  or  nests  in  the  ore- 
bed,  the  various  minerals  occur  well  crvstallized.  The  chon- 
droditft,  chlorite,  and  magnetite  are  often  in  excellent  crystals, 
and  with  these  occasionally  apatite ;  and  in  some  cases  cavities 
were  bristled  with  slender  prisms  of  enstatite.  The  dolomite 
is  present  in  simple  rlionibobedrons,  some  of  them  two  or  three 
inches  across.  Ihis  mineral  usually  overlies  the  other  crystals 
mentioned,  but  crystals  of  chondrodite  are  sometimes  isolated 
in  the  chlorite  and  also  in  crystals  of  dolomite ;  and  magnetite 
occurs  in  these  minerals  and  also  in  crystals  of  chondrodite. 

Some  veins,  half  an  inch  to  three  inches  in  width,  consist 
mainly  of  coarsely  crystallized  chlorite,  and  others  are  filled 
with  enstatite  in  long  fibrous  masses.  Still  others  consist  mainlv 
of  dolomite ;  but  this  dolomite  is  a  filling,  covering  beautiful 
crystallizations  of  chondrodite,  chlorite  and  magnetite  implan- 
ted on  the  walls  of  the  little  veins :  yet  the  same  dolomite  often 
contains  isolated  crystals  of  chondrodite,  magnetite  or  chlorite. 
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The  filling  is  occasionally  dolomite  and  brucite  together ;  and 
rarely  splendent  crystals  of  chondrodite  occur  isolated  in  the 
latter. 

The  crystallization  of  the  chondrodite  and  of  other  minerals 
of  the  bed  is  now  under  investigation  by  Mr.  E.  S.  Dana,  and 
nothing  therefore  need  be  added  here. 

In  the  wall-rock  of  the  bed  there  are  occasional  small  veins 
containing  crystals  of  hornblende  and  magnetite,  and  some- 
times plates  of  biotite.  The  magnetite  of  these  veins  is  octa- 
hedral, with  even,  polished  faces,  while  that  of  the  ore-bed  is 
dodecahedral,  with  usually  convex  and  striated  faces. 

The  above  species  appear  to  have  been  crystallized  in  the  fis- 
sures they  occupied  at  the  time  of  the  crystallization  or  the 
metamorphism  of  the  rock.  The  crystallized  chlorite,  according 
to  an  analysis  by  Mr.  Breidenbaugh  (loc.  cit),  is  the  species 
ripidolite ;  but  it  is  not  certain  that  all  the  granular  chlorite  of 
the  ore  bed  is  of  the  same  species.  The  color  of  the  ripidolite 
is  generally  deep  green,  rarely  reddish. 

4.  Minerals  of  later  origin^  resulting  from  alterations  of  the  older 
mi7terals,  or  in  oilier  ways, — Besides  these,  there  is  another  series 
of  minerals  that  are  manifestly  of  later  origin. 

The  ore-bed  is  jointed  in  various  directions.  The  part  con- 
taining little  chondrodite  is  mostly  solid,  with  few  fractures ; 
but  the  larger  part  which  contains  much  chondrodite,  along 
witli  that  which  consists  mainly  of  this  brittle  mineral,  is 
broken  throughout  to  fragments,  and  so  extremely  so  that  the 
pieces  are  oflen  smaller  than  the  hand.  A  great  mass  of  the 
purer  iron  ore  is  in  some  places  in  the  midst  of  the  more  chon- 
droditic  ;  and  then  the  former  looks  like  rock  enveloped  in  a 
fragmentary  deposit  arranged  more  or  less  concentrically  about 
it  The  joints,  like  those  of  the  Archaean  rocks  of  that  vicin- 
ity, show  that  the  region  has  been  subjected  to  disturbing 
forces ;  but  the  extraordinary  amount  of  fracturing  is  a  conse- 
quence of  the  exceeding  brittleness  of  the  chondrodite. 

The  fracturing  opened  the  rocks  to  movements  of  water,  or 
moisture  in  some  form,  and  was  the  occasion  also  of  such  move- 
ments and  of  much  chemical  action  therefrom. 

The  fragments,  large  and  small,  down  to  those  an  inch  or  less 
in  size,  are  generally  coated  with  a  white  or  greenish  serpentine^ 
which  often  looks  like  a  varnish  over  the  surface,  and  again  is 
an  inch  or  more  thick.*     They  all  feel  soapy  to  the  fingers  on 

*  Mr.  Breidenbaugh  found  for  the  composition  of  the  white  serpentine  (this 
Journ.,  vi,  209)  SiO,.  4228,  Al^O^  086,  FeO  2-57,  MgO  4029,  CaO  1-36,  K,0 
trace,  Na,0  0*48,  H^O  12*52  =  100*35,  giving  the  oxygen  ratio  for  the  protoxides 
silica  and  water  3*1 :  4*03 :  2,  that  of  serpentine  being  3:4:2. 

He  obtained  for  the  bioHte,  SiO,  4008,  Al^Oj  14*21,  Fe^Og  11*51,  MgO  2203, 
Na<0  0*22,  K,0  9*73,  H,0  1*69,  Fl  trace  =  99*47  ;  for  the  constituents  of  the 
r^tidoUte,  SiO,  32*33,  AljOj  14*66,   FeO  5*29,  MgO  33*74,  CaO  104,  K,0  0*87, 
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account  of  it.  The  great  piles  of  refuse  rock  that  are  heaped 
up  near  the  railroad  leading  from  the  mine  are,  in  the  main, 
piles  of  chondroditic  masses  thus  coated  or  varnished  with  ser- 
pentine. Over  the  most  of  them  the  serpentine  is  white,  a 
kind  that  looks  much  like  meerschaum. 

The  serpentine  also  penetrates  the  masses,  and  from  many  of 
them  a  fragment  of  cnondrodite  as  large  as  a  filbert  cannot  be 
obtained  that  has  not  films  of  serpentine  in  or  about  it.  It  also 
fills  the  cavities  in  the  old  veins  that  were  partly  filled  with 
crystallizations  of  chondrodite,  chlorite,  magnetite  and  dol- 
omite, so  that  the  crystals  of  these  minerals  are  buried  under  it; 
or  it  penetrates  the  veins  where  there  were  no  distinct  cavities. 

Besides  serpentine,  there  is  sometimes  also  a  coating  of  bruciie 
(hydrate  of  magnesia),  and  occasionally  this  mineral  is  in  large 
crystallizations.  Fluorite  is  another  of  the  secondary  incrust- 
ing  minerals,  although  not  common  ;  it  is  sometimes  in  pink 
massive  forms,  and  occasionally  in  small  amethystine  cub^ 

In  addition,  the  ore  bed  abounds  in  pseudomorphous  mineraJs. 
Crystallizations  of  chlorite,  enstatite,  chondrodite,  dolomite, 
apatite  and  other  kinds  occur  converted  into  serpentine  of  vari- 
ous colors.  The  universal  serpen tinization  of  masses  and  crys- 
tals conveys  the  impression  that  the  rock  along  all  the  multitu- 
dinous fissures,  ana,  to  a  large  extent,  through  the  interior  of 
solid  portions,  had  been  subjected  to  long  digestion  in  heated 
magnesian  waters. 

There  are  also  other  kinds  of  pseudoraorphs,  indicating  great 
corroding  and  recom posing  power  in  the  waters,  as  described 
beyond. 

Further,  there  are  species  of  still  later  origin.  Implanted  in 
the  serpentine  sometimes  occur  polished  cubes  and  cubo-pyrito- 
hedrons  of  pyrite ;  and  in  seams  in  the  serpentine,  the  mineral 
pyrrhotite,  another  sulphide  of  iron.  There  are  also,  on  some 
of  the  surfaces  of  blocks,  occasional  small  groups  of  crystals  of 
oragonite,  or  thin  crusts  of  hydromagnesite. 

II.  The  Pseudomorphs  and  their  teaching& 

The  pseudomorphs  which  have  been  thus  far  observed  are  of 
five  groups  :  first  (A),  those  consisting  of  seriyeniiwf^  or  of  serpen- 
tine  and  dolomite  combined:  second {JS\  those  consisting  of  hru- 

Na,0  0-54,  H^O  1202  =  100-39.  Whether  all  of  the  chlorite  is  of  the  species 
ripidolite  is  not  ascertained. 

Tlie  enstatite  aflEorded  him  SiO^  5417,  AI..O3  330,  FeO  9  94,  MnO  0*24,  MgO 
31-99,  CaOO-99,  K^O  016,  Na.O  0:32,  ignition  013  =  101-24.  He  analyzed  * 
massive,  faintly  fibrous  kind.  It  occurs  also  long  fibrous,  and  radiated  fibrous, 
the  fibers  easily  separating ;  G.  =  3*29. 

A  brown  chondrodite  gave  him  SiO,  3542,  FeO  6-72,  MgO  54*22,  Fl  9*00  = 
10436;  equivalent  of  oxygen  replaced  by  fiuorine,  3'79. 

The  dolomite  gave  Mr.  C.  A.  Burt  (loc.  dt,  p.  213)  CO,  4701,  FeO  0-70,  MnO 
0-39,  MgO  20-79,  CaO  30-14=9903,  making  the  ratio  of  carbonate  of  lime  to 
carbonate  of  magnesia  nearly  1 :  1. 
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cite;  third  (C),  those  consisting  of  magnetite;  fourth  (D),  those 
consisting  of  pyrrhotite  ;  fifth  (E).  those  consisting  of  dolomite. 

A.  Chnsisting  of  Serpentine, — Of  these  there  are  eleven  kinds, 
1.  Cubic,  afier  an  unhnovm  mineral,  2.  Hexagonal  prisms, 
probably  after  calcite.  3.  Hexagonal  prisms,  probably  after 
apatite,  4.  Plates,  clusters  of  divergent  folia,  and  masses,  after 
dihrite  (part,  or  all,  ripidolite).  6.  Masses  and  crystals,  after 
chondrodite,  6.  Prismatic  and  massive  forms,  ajter  enstatite, 
7.  Crystalline  massive  forms,  q/ferAorwWenflfe.  8.  Foliaceous  to 
massive  forms,  aJter  biotite,  9.  Khombohedral,  afi(rr  dolomite, 
10.  Massive,  ajfler  brucite,  11.  Eectangular  tables  or  plates,  q/fer 
an  unhnovm  mineral, 

B.  ObrwwiiVi^  q/'jBrwcife  (hydrate  of  magnesia). — 12.  Foliated 
forms,  after  dolomite, 

C.  Consisting  of  Magnetite, — 13.  Rhombohedrons,  after  dolo- 
mite,    14.  After  chondrodite  and  other  minerals. 

D.  Consisting  of  Pyrrhotite, — 15.  Plates  after  serpentine  (that 
of  No.  11> 

E.  Consisting  of  Dolomite, — 16.  Pseudomorphs,  after  crystals 
of  chondrodite, 

A.    SiBPBNTIHB,  OR  SeBPBNTINB-AND-DOLOMITE,   PSEUDOMOBPHS. 

1.   Cubic  Pseudomxyrphs, 

The  cubic  pseudomorphs — the  rarest  of  those  at  the  mine — 
often  form  part  of  the  same  specimen  with  the  hexagonal  of  the 
second  kind  above  enumerated  ;  and  they  are  shown  together 
in  figure  1,  plate  VI ;  and  fig.  2  is  a  view  of  part  of  the  opposite 
side  of  the  same  specimen. 

The  present  form  of  the  specimen  is  owing  to  the  removal  of 
a  portion  of  the  original  mass.  The  bottom  layer  has  usually 
the  cubes  with  the  cubic  axis  at  right  angles  to  the  surface 
beneath ;  but,  above  this,  the  mass  conforms  mostly  to  one 
position,  some  one  of  the  original  crystals  having  dominated 
over  the  rest     This  latter  fact  is  well  shown  in  fig.  2. 

1.  Composition, — The  pseudomorphs  consist  either  of  serpen- 
tine, or  of  serpentine  and  dolomite  combined :  and  in  the  latter 
kind  there  are  all  proportions,  from  those  purely  serpentine  to 
those  that  are  largely  dolomitic. 

The  serpentine  of  these  pseudomorphs  has  usually  a  pale 
green  color,  though  in  some  specimens  olive-green.  Accord- 
ing to  an  analysis  by  Professor  Allen,  its  composition,  after  ex- 
pelling 2 '09  per  cent  of  hygroscopic  moisture,  is 

Silica  Magnesia  Water  Fe^Os,  Al^O, 

41-87  42-43  13-40  2*30  =z  100 

and,  accordingly,  it  is  the  common  kind. 

The  dolomite  of  these  compound  pseudomorphs  is  white  and 
translucent,  like  ordinary  crystalline  dolomite.     Owing  to  the- 
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difficulty  of  separating  it  entirely  from  the  serpentine,  only  a 
qualitative  analysis  has  been  made  of  it  by  Professor  Allen; 
and  this  indicated  the  presence  of  carbonic  acid,  magnesia,  and 
lime,  and  left  no  reason  to  doubt  its  identity  with  the  ordinaiy 
dolomite  of  the  mine  and  of  other  parts  of  the  specimens. 

2.  Structure. — The  structure  is  the  same  for  the  pseudomoTphs 
consisting  of  both  serpentine  and  dolomite,  as  for  those  of  ser- 
pentine alone.  A  description  of  the  former,  which  is  of  greater 
interest,  will,  therefore,  suffice  for  both. 

These  compound  pseudomorphs  usually  constitute  easily- 
cleavable  masses,  two  or  three  inches  through.  The  two  min- 
erals are  united  in  one  crystallized  mass,  not  by  intimate  mix- 
ture, but  by  side-by -side  juxtapositions  of  independent  rectan- 
gular blocks  or  layers  of  each,  all  fitted  together  like  parts  of  a 
simple  crystal. 

The  cleavage  is  cubic  and  exceedingly  perfect,  without  the 
slightest  distinction  for  the  two  combined  minerals,  the  rectan- 
gular blocks  (which  are  always  bounded  by  the  cleavage  sur- 
faces) separating  easily,  even  more  so  than  those  of  a  crystal- 
lized mass  of  galenite. 

Figures  8,  4,  plate  vi,  illustrate  this  singular  tesselated  com- 
bination, the  serpentine  being  the  green  portion  and  the  dolo- 
mite the  white.  To  appreciate  the  remarkable  delicacy  of  the  tes- 
selation  it  must  be  noted  that  the  specimen  here  figured  (taken 
from  the  large  pseudomorphous  mass  of  fig.  2)  is  but  a  third 
of  an  inch  broad,  the  view  being  enlarged  five  times  lineally. 
In  order  that  the  blocking  of  the  serpentine  in  the  dolomite 
may  be  better  apprehended,  the  top  of  the  specimen  represented 
in  tig.  3  is  given  separately  in  fig.  4.  Some  of  the  rectangular 
serpentine  spots  in  these  figures  are  wholly  isolated  in  the 
dolomite  areas  ;  but  this  isolation  is  superficial  only,  for  there 
is  internal  connection  with  the  other  serpentine  portions 

Figure  5  affords  another  illustration  of  this  tesselated  struc- 
ture. It  represents  a  side  of  a  thin  plate  (a  fragment  from  a 
large  mass)  about  two-thirds  of  an  inch  square  and  an  eighth 
of  ail  inch  thick.  The  upper,  and  under,  and  middle  portions 
are  serpentine,  and  between  lie  enclosed  blocks  or  layers  of 
dolomite.  The  lines  over  the  surfaces  In  the  figures  represent 
lines  of  cleavage,  but  only  those  that  were  externally  very  dis- 
tinct. 

3.  Origin  of  t/ie  Pseudomorphs. — This  combination  of  two  so 
distinct  minerals,  one  a  hydrous  silicate  and  the  other  a  car- 
bonate, in  a  common  crystalline  mass,  having  one  system  of 
cleavage,  is  proof  that,  for  one  or  both,  the  form  is'  pseudo- 
morphous. That  both  are  so,  is  made  manifest  by  the  struc- 
ture of  the  minerals. 

In  the  first  place,  the  serpentine  shows  itself  to  be  pseudo- 
morphous by  the  fact  that  tne  cleavage  is  not  true  cleavage,  but 
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merely  a  jointed  structure;  for  the  smaller  blocks  afforded  hy 
it  have  no  cleavage  within,  but  instead,  a  wax  like,  massive 
structure ;  and  the  uncleavable  plates  are  sometimes  quite  thick. 
In  true  crystals  every  smallest  grain  has  the  cleavage  structure 
as  truly  as  the  entire  crystal,  cleavage  belonging  to  all  possible 
planes  in  its  direction :  and,  therefore,  absence  of  the  cleavage 
in  any  part  indicates  absence  of  crystalline  structure.  In 
some  parts  of  the  specimens  the  cubic  cleavage-lines  are  dis- 
tinct, wtthoiU  any  cleavage  whatever^  the  blocks  that  seemed  to  be 
marked  out  being  all  solidly  united  into  an  uncleavable  mass. 

It  is  evident,  from  the  above,  that  this  is  not  serpentine  crys- 
tallizing in  cubic  forms,  and,  -therefore,  a  new  mineral  species. 
It  is  simply  common  serpentine^  which  has  somehow  become 
possessed  of  a  form  foreign  to  it. 

Secondly,  the  cubic  cleavages  of  the  dolomite  are  only  joints 
or  divisional  planes  in  rectangular  directions.  The  demon- 
stration of  this  is  found  not  only  in  the  failure  of  the  cul)ic 
cleavage  in  the  interior  of  the  blocks  or  slices  of  it,  but  also  in 
the  existence  in  the  same  of  the  rhombohedral  cleavage  of  ordinary 
aolomite  in  all  its  perfection.  The  oblique  lines  d,  d,  d,  on  fig- 
ure 4  are  due  to  the  existence  of  this  cleavage ;  and  in  the 
blocks  the  cleavage  may  be  obtained  indefinitely,  precisely  as 
in  common  crystallized  dolomite.  Again,  portions  of  one  of 
the  masses  have  sometimes  no  cleavage  but  the  rhombohedral. 

The  dolomite  is,  therefore,  ordinary  rhombohedral  dolomite. 

Here,  then,  dolomite  and  serpentine  have  together  received 
cubic  divisional  planes  in  some  way  independent  of  their  own 
powers  of  crystallization.  They  have  derived  it,  moreover, 
from  the  alteration  of  one  and  the  same  crystallized  mineral. 

What  the  original  mineral  was  is  not  taught  us  by  any  thing 
now  occurring  at  the  iron  mine  It  must  have  had,  not  only 
easy  rectangular  cleavages,  but  an  open  cleavage  structure,  that 
is,  cleavage-joints,  such  as  exist  in  galenite  ;  for  these  cleavage- 
joints  are  the  divisional  planes  or  joints  that  are  retained  in  the 
pseudomorph. 

As  crystallized  galenite  (sulphide  of  lead)  has  cubic  cleavages 
and  also  cleavage-joints,  it  is  a  question  whether  this  was  not 
the  original  mineral  in  the  case  of  this  pseudomorph.  But  the 
change  of  a  sulphide  of  lead  to  dolomite  or  serpentine,  or  its 
removal  and  the  concurrent  substitution  of  these  minerals,  is 
hardly  supposable. 

Anhydrite  (anhydrous  sulphate  of  lime),  although  ortho- 
rhombic,  has  easy  rectangular  cleavages  in  three  directions  and 
its  masses  have  generally  rectangular  fractures  throughout,  fol- 
lowing planes  of  cleavage;  so  that  it  possibly  might  sometimes 
give  cubic  jointing  to  its  pseudomorphs.  Moreover,  the  min- 
eral is  occasionally  found  in  veins  of  ore,  as  in  the  Hartz  and. 
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at  Fahlun  in  Sweden.  But  the  crystalline  masses  of  this 
orthorhombic  mineral  are  made  up  usually  of  tabular  eleavable 
masses,  and  never  have  the  perfect  cubic  regularity  of  divis- 
ional planes  found  in  these  pseudomorphs. 

Common  salt  has  at  times  the  cubically-jointed  structure  re- 
quired for  producing  such  pseudomorphs.  But  its  presence  in 
an  iron  ore  bed  is  improbable ;  and,  if  present,  it  could 
hardly  undergo  a  change  to  dolomite  or  serpentine  and 
retain  its  cleavage  structure,  on  account  of  its  easy  solubility. 

Fluorite  (fluor  spar)  occurs  in  masses  made  up  of  cubes;  W 
strictly  and  only  cubes ;  and  its  cleavage  is  octahedral. 

I  can  make  no  other  suggestions  as  to  the  original  mineraL 
This  much  is  certain,  that  the  species  was  isometric  in  crystal- 
lization, and  had  easy  cubic  cleavage;  and  its  crystallized 
masses  had  numerous  cleavage-joints. 

Whatever  the  mineral,  it  underwent  two  kinds  of  pseudo- 
morphic  changes.  We  note,  first,  that  the  two  changes  could  not 
have  gone  on  together :  for  two  so  different  minerals  could  not 
have  been  simultaneously  formed  in  the  same  cr3'stalline  mass 
from  the  same  chemical  solution.  Secondly,  that  the  dolomite 
must  have  been  formed  before  the  serpentine  portion  ;  for  the 
serpentine  blocks  or  plates  have  the  faces  perfectly  smooth  and 
polished,  while  those  of  dolomite,  while  very  even,  always  ap- 
pear faintly  eroded,  as  seen  under  a  lens. 

Was  part  of  the  original  crystalline  mass  first  changed  to 
dolomite,  and  the  rest  subsequently  to  serpentine?  Or,  was 
the  whole  mass  first  chiinged  to  dolomite,  and  afterward  a  part 
of  it  changed  to  serpentine  ? 

The  last  supposition  seems  to  be  the  most  reasonable.  The 
change  from  the  original  cubical  mineral  to  dolomite  must  have 
gone  forward  through  infiltration  along  the  open  cleavage- 
joints,  and  thus  these  cubic  cleavage  planes  were  imparted  to 
it  The  change  of  part  of  the  dolomite  (or  of  the  whole  in 
some  cases)  to  serpentine  took  place  subsequently,  by  the  same 
general  method,  and  so  the  dolomite  gave  the  latter  its  bor- 
rowed cubic  cleavage-joints. 

Further,  this  change  of  the  dolomite  took  place  by  rectangu- 
lar blocks,  one  such  rectangular  plate  or  block  being  changed 
alike  throughout,  when  another  adjoining,  separated  only  by 
lanes  of  the  cubic  cleavage,  remained  unaffected.  This  pseu- 
oinorphisra  by  blocks  seems  at  first  improbable;  yet  the  spe- 
cimens prove  it  to  be  a  fact,  and  other  examples  of  it  are  given 
beyond,  showing  that  it  is  a  common  method. 

Tlie  question  comes  up :  Could  the  chemical  change 
from  dolomite  to  serpentine  have  gone  forward  through  an 
alkaline  solution  of"  silica,  the  magnesia  having  been  derived 
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from  the  dolomite ;  or  through  a  solution  of  a  magnesia-silicate, 
that  is,  of  serpentine  itself?  The  former  supposition  can  not 
be  trua  For  if  a  block  of  dolomite  had  been  changed  to  ser- 
pentine in  that  way,  it  would  have  been  changed  also  in  dens- 
ity, and  therefore  in  size ;  and  the  diflFerence  in  size  would  have 
been  apparent  by  displacements  throughout  the  pseudomorph- 
ous  mass.  The  fact  is,  all  parts  are  fitted  together  as  exactly 
as  if  the  whole  were  of  one  mineral.  It  follows  then,  if  the 
serpentine  has  displaced  dolomite  (instead  of  the  original  cubic 
mineral),  that  the  material  introduced  in  solution  to  eflFect  the 
change  was  not  silica,  but  a  magnesia-silicate.  It  follows  also 
that  the  same  magnesia  waters  had  the  power  of  dissolving,  and 
so  removing  the  dolomite ;  and  that  the  infiltering  magnesia- 
silicate  took  the  place  of  the  dolomite  as  the  removal  went  on  ; 
it  thus  being  a  case  of  substitution  and  not  of  alteration. 

If  the  first  of  the  above  suppositions  is  true,  there  was  no 
change  of  dolomite  to  serpentine,  but  only  of  the  original  cubic 
mineral  to  each  dolomite  and  serpentine — part  to  one,  and  then 
the  rest  to  the  other ;  and  both  must  have  been  cases  of  substi- 
tution or  removal,  in  order  that  the  blocks  should  fit  together 
with  the  exactness  characterizing  the  pseudomorphs. 

2.    Hexagonal  prisms,  probably  after  Calcite, 

The  hexagonal  prisms  here  referred  to  are  terminated  in 
three  rough  rhombohedral  planes  (fig.  1,  plate  vi) ;  and,  as  nearly 
as  I  can  ascertain,  the  angle  between  tne  latter  planes  is  that 
of  calcite.  The  prisms,  several  of  which  occur  together  in 
groups,  are  half  an  inch  to  two-thirds  in  diameter,  and  one  of 
those  examined  is  two  inches  in  length.  They  consist  mainly 
of  serpentine,  but  contain  a  little  dolomite.  These  large  prisms 
have  a  thick  coating  of  serpentine,  which  externally  is 
smoothly  rounded  and  shining.  In  figure  I,  two  of  the  pnsms 
of  a  group  are  shown  partly  denuded  of  the  coating,  while  a 
third  has  still  the  coat  on.  This  coat  is  a  tenth  to  a  sixth  of 
an  inch  through,  and  is  transversely  semi-columnar  in  structure. 

Beneath  this  coating  there  is  usually  some  incrusting  white 
dolomite,  granular-crystalline  in  structure ;  and  the  base  of 
one  crystal  is  mainly  dolomite,  with  some  small  pieces  of  mag- 
netite. 

The  original  mineral  of  these  prisms  was  probably  calcite 
(carbonate  of  calcium),  as  the  form  is  a  common  one  of  that 
species.  It  is  possible  that  dolomite  may  occur  under  such  a 
form  ;  but  so  large  and  long  prisms  of  dolomite  trihedrally 
terminated  have  never  been  observed.  Since  the  dolomite  that 
is  now  in  the  pseudomorphs  is  an  aggregation  of  crystalline 
grains  instead  of  having  the  cleavage  of  a  simple  crystal,  it  is 
not  part  of  the  original  mineral. 
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3.   JliexagoncU  prisms^  probably  after  Apatite. 

These  prisms  occur  imbedded  in  the  cubic  serpentine.  They 
are  slender,  being  less  than  a  line  in  diameter.  By  measure- 
ment, they  are  regular  hexagonal  prisms ;  and  as  apatite  is  one 
of  the  occurring  minerals  of  the  mine,  they  are  probably  pseu- 
domorphs after  that  species. 

Relations  of  the  Cubic  to  the  Hexagonal  Pseudomorphs^  and  to  the 

associated  Minerals. 

(1.)  In  the  specimen,  a  portion  of  which  is  represented  ia 
fig.  1,  the  cubical  portion  rests  upon  the  coating  of  the  rhombo- 
hedral  portion ;  and  over  a  large  part  of  the  specimen  the 
former  is  easily  separated,  and  leaves  exposed  the  shining  sur 
face  of  the  latter.  Only  in  a  small  part  are  the  two  soldered 
together.  The  prismatic  pseudomorpu  in  view  has  been  ex- 
posed by  such  a  removal. 

It  is  thus  demonstrated  that  the  group  of  large  hexagonal 

Erisms  preceded  the  existence  of   the  cubical  portion.      We 
ence  discover  that  the  following  was  the  order  of  events. 

1.  The  crystallization  of  a  group  of  hexagonal  prisms,  prob- 
ably of  calcite. 

2.  The  change  of  these  crystals  to  serpentine  and  partly  to 
dolomite. 

3.  The  incrusting  of  these  prisms,  after  this  change,  by  ser- 
pentine, making  a  coating  over  the  whole,  as  shown  in  figure  1. 

4.  The  deposition,  over  this  coating,  of  a  cubic  mineral  whose 
masses  had  many  cubic  cleavage-joint<. 

5.  The  change  of  the  cubic  mineral  to  dolomite,  b}^  infiltra- 
tion along  the  open  cleavage  joints,  and  hence  with  a  retention 
of  many  cubic  cleavage  surfaces. 

6.  The  change  of  part  of  the  dolomite,  thus  cubic  in  cleav- 
age surfaces,  to  serpentine,  through  the  infiltration  along  the 
cleavage-joints  of  a  solution  of  magnesia-silicate,  the  alteration 
affecting  entire  rectangular  blocks  or  plates  of  the  dolomite, 
but  leaving  throughout  adjoining  blocks  or  plates  unaffected. 

While  proving  here  that  there  were  an  earlier  and  a  later  era 
of  pseudomorphism,  it  is  not  proved  that  the  successive  eras  may 
not  have  been  comprised  within  a  single  epoch  of  pseudomor- 
phism. They  may  have  been  successive  events  in  a  single 
month  or  vear. 

(2.)  With  regard  to  the  relations  of  the  pseudomorphs  to  the 
associated  minerals,  we  note: 

In  an  olive-green  specimen  of  the  cubic  serpentine  there 
are  imbedded  tabular  crystals  of  chlorite  (ripidolite),  and  also 
large  dodecahedral  crj^stals  of  magnetite.  Along  with  these 
minerals  occur  the  pseudomorphs  after  apatite. 

This  association  proves  either  that  the  crystals  of  chlorite 
and  magnetite  were  formed  at  the  time  the  onginal  cubic  min- 
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eral  was  deposited  :  or  that  they  were  made  during  the  change 
of  the  cubic  mineml  to  serpentine.  The  former  may  have  been 
the  fact ;  and  yet  there  is  no  trace  of  alteration  in  the  chlorite 
crystals  to  show  that  they  have  passed  through  a  time  of  ser- 
pentine deposition. 

4.   Psetidomorphs  after  Chlorite. 

The  change  of  the  crystallizations  of  ripidolite  to  serpentine, 
in  specimens  from  this  locality,  was  early  observed,  in  all  its 
stages,  by  Professor  Allen.  Mr.  Breidenbaugh,  in  his  account 
of  the  wfiite  serpentine,  remarks  that  there  is  a  gradual  shading 
in  the  color  of  the  ripidolite  from  bright  green  to  pure  white, 
and  **  in  its  texture  from  the  foliation  and  transparency  of  the 
unchanged  mineral  to  the  compactness  and  opacity  of  the  serpen- 
tine." Specimens  are  common.  Some  are  crystals,  white  and 
pearly,  retaining  the  form  of  the  ripidolite;  others,  aggregations 
of  whitish  folia,  from  fissures  half  an  inch  to  three  inches  in 
width ;  others,  white,  grayish  or  greenish  divergent  fibrous 
masses,  either  large  divergent  groups,  or  stellated  aggregations  ; 
and  others  are  structureless  white  or  greenish  serpentine. 

Many  of  the  specimens  illustrate  the  progress  of  the  change 
from  chlorite  to  serpentine.  The  sunace  of  a  half-changed 
crystal  is  often  marked  with  green  and  white,  as  represented 
in  figures  6  and  7,  plate  Vl ;  showing  that,  in  the  change,  the 
cleavage-joints  were  a  barrier  to  its  progress ;  portions  of  the 
chlorite  bounded  by  cleavage  lines  remaining  still  green,  while 
other  portions  outside  and  beneath  are  wholly  changed,  on  the 
principle  illustrated  in  the  cubic  pseudoraorphs.  The  green 
plates  in  the  figure  have  the  angles  60°  and  120°,  and  perfectly 
even  sides. 

When  the  change  to  serpentine  is  complete,  there  is  often 
one  or  more  of  the  outer  folia  on  one  side  or  another  of  the  mass 
that  still  has  some  of  the  color  of  the  chlorite  and  removes  all  • 
doubt  as  to  the  origin  of  the  foliated  mass.  But  from  these 
there  are  gradations  to  other  varieties,  in  which  the  foliaceous 
or  radiated  structure  is  wholly  lost. 

The  massive  crystalline-granular  chlorite  of  the  ore-bed  also 
occurs  changed  to  serpentine  ;  some  of  it  retaining  the  granular 
structure,  and  other  portions  destitute  of  it.  The  color  is  often 
dark  olive-green,  while  that  of  the  crystals  and  foliated  masses 
is  white  or  pale  green.  This  fact  suggests  that  this  massive 
chlorite  may  be  another  species  containing  more  iron.  Breiden- 
baugh found  in  a  massive  chlorite  of  the  mine  9*62  per  cent  of 
protoxide  of  iron,  while  the  ripidolite  crystal  affordea  only  5*29 
per  cent;  but  his  analysis  leaves  some  doubt  as  to  the  nature 
of  the  former  species. 

(To  be  continued.) 
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SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1.  On  the  First  Products  of  the  Distillation  of  BemoL — It  is 
well  known  that  in  the  rectification  of  benzol,  a  considerable  por- 
tion of  distillate  comes  over  at  temperatures  below  that  at  which 
benzol  itself  boils.  Helbino  has  examined,  in  the  laboratory  of 
Professor  Erlenmeyer,  a  sample  of  this  first  distillate  obtained 
from  J.  Weiler  &  Co.,  Cologne.  It  was  a  yellow,  disagreeably- 
smelling  liquid  of  specific  gravity  0*899  at  17*5°,  becoming  turbid 
on  strong  cooling.  Elementary  analysis  gave  carbon  80*07, 
hydrogen  6*71,  sulphur  13'61  per  cent,  thus  excluding  metacetone 
and  all  other  oxygenated  products.  By  careful  fractionating  in 
Linneman^s  apparatus,  for  an  entire  month,  no  liquids  of  absolutely 
constant  boihng  point  could  be  obtained.  The  fractions  obtained 
between  35°  and  60®  gave  readily,  when  treated  with  alcoholic 
potash,  potassium  ethyldisulphocarbonate;  thus  proving  the  pres- 
ence of  carbon  disulphide.  The  fractions  between  60^  and  75® 
also  afforded  CSj,.  Bromine  acted  energetically  on  all  the  dis- 
tillates. Finally,  the  largest  portion  of  the  liquid  collected  into 
products  boiling  between  43°  and  56°,  and  above  75°.  On  cooling 
the  distillate  obtained  above  79°,  it  solidified  completely;  that 
from  75°  to  79°  only  partiallv.  By  repeating  the  cooling  process, 
460  grams  benzol  were  obtained  from  900  of  the  crude  product ; 
or  al)out  51  per  cent.  Calculated  from  the  sulphur  in  the  elemen- 
tary analysis,  the  amount  of  carbon  disulphide  must  be  about 
16*28  per  cent.  The  fractions  which  had  come  over  between  18" 
and  40°,  were  then  subjected  to  fractional  distillation  and  frac- 
tional condensation;  but  in  neither  case  could  a  product  be 
obtained  free  from  CS^.  Treatment  with  alcoholic  potash  being 
no  more  successful,  the  author  gave  up  the  attempt  to  isolate  the 
hyih-oearbons  as  such,  and  treated  them  with  bromine,  in  order  to 
convert  them  into  bromides.  Owing  to  the  violence  of  the  action 
this  required  groat  care  ;  and  the  product,  after  washing  with 
dilute  potassium  hydrate  solution  and  with  distilled  water,  was 
a  heavy  yellowish-red  liquid  of  disagreeable  odor.  On  distilling 
it  in  a  current  of  steam  a  colorless  strongly-refracting  liquid  first 
came  over,  which  was  nearly  pure  CSj,  ;  then  followed  a  heavy, 
slightly  yellow  liquid  of  an  agreeable  sweetish  odor;  and  finally 
a  few  oily  drops  collected  in  the  receiver,  which  solidified  on  cool- 
ing to  a  yellowish-white  fatty  mass.  On  analysis  the  fluid  bro- 
mide just  mentioned  afforded  numbers  agreeing  with  the  formula 
CjIIj^Brg,  or  amylene  bromide.  The  solid  bromide  gave  on 
analysis  the  formula  C^IIgBr^,  or  that  of  crotonylene  tetrabro- 
mide.  The  fraction  of  the  crude  product  boiling  between  50°  and 
70°  was  likewise  converted  into  bromide,  fractionated  and  analyzed. 
It  gave  the  formula  of  hexylene  bromide.  Helbing  concludes 
therefore  that  the  first  runnings  of  the  benzol  still  contain  con- 
siderable amylene,  less  crotonylene  and  still  less  hexylene.— 
udnn,  Chem.  Pharm.^  c\xx\\,  \%\,  J^Vy^  1874.  g.  f.  b. 
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2.  On  the  Preparation  of  Active  Amyl  cUcohol. — In  studying 
the  cause  of  the  anomaly  presented  by  amyl  chloride  of  rotating 
to  the  left,  as  distinguished  from  the  iodide  and  bromide,  which 
rotate  to  the  right,  Le  Bel  found  that  the  amyl  chloride  obtained 
by  saturating  the  crude  product  of  the  distillation  of  amyl  alcohol 
with  aqueous  hydrochloric  acid,  by  hydrochloric  acid  gas  and  again 
rectifying,  was  optically  inactive.  Assuming  that  this  result  was 
due  to  the  presence  of  yet  undecomposed  alcohol  in  the  chloride, 
it  was  treated,  one  portion  with  sulphuric  acid  to  unite  with  and 
so  to  retain  this  alcohol,  and  another  portion  with  phosphoric 
chloride  to  convert  this  remaining  alcohol  into  chloride.  Upon 
subsequent  distillation,  the  two  products  obtained  were  both  right- 
handed,  but  the  latter  was  much  the  more  active.  Hence  the  last 
products  of  the  conversion  of  amyl  alcohol  into  chloiide  are  much 
the  more  optically  active ;  as  also  must  be  the  alcohol  from  which 
they  are  derived.  To  prove  this,  a  portion  of  amyl  alcohol  rotat- 
ing 1°  68'  to  the  left  was  treated  fractionally  with  hydrochloric 
acid  gas,  until  nine-tenths  of  it  had  been  removed  as  chloride. 
The  remaining  tenth  rotated  4°  32',  being  32'  more  than  the  alcohol 
obtained  by  Pasteur.  The  boiling  point  of  this  alcohol  was  127°, 
and  that  of  its  chloride  98°.  The  author  attributes  the  very  dif- 
ferent rotatory  powers  ascribed  to  the  amyl  compound  ethers,  to 
the  presence  of  these  two  alcohols  in  the  original  substance  used, 
with  one  of  which  certain  acids  unite  more  readily  than  with  the 
other. — Bull.  Soc.  Chim.^  II,  xxi,  542,  June,  1 874.  g.  f.  r 

3  On  a  new  method  of  preparation  of  Salicylic  Acid.  — Wish- 
ing to  investigate  more  thoroughly  the  character  of  salylic  acid, 
asserted  by  him  several  years  ago  to  be  an  isomer  of  benzoic  acid 
and  therefore  of  great  importance  in  chemical  theory,  Kolre  was 
led  to  examine  more  fully  the  synthetic  modes  of  producing  sali- 
cylic acid,  from  which  it  is  derived.  His  attention  was  at  first 
directed  to  the  method  described  long  ago  by  himself  and  Laute- 
mann ;  to  act  upon  phenol  with  carbon  dioxide  in  presence  of 
sodium.  Observing  that  when  sodium  was  dissolved  in  hot  phenol, 
a  stream  of  dry  carbon  dioxide  gas  being  passed  through  the  appara- 
tus, there  is  formed  beside  sodium  salicylate,  also  sodium  carbonate 
and  sodium  phenylate,  and  that  the  more  of  the  former,  the  less  of  the 
latter  product  was  formed ;  and  further  that  the  sodium  phenylate  on 
more  strongly  heating  it,  absorbed  more  carbonic  gas  and  yielded 
sodium  salicylate,  Kolbe  was  led  at  once  to  propose  a  new  and 
simpler  method  of  preparing  salicylic  acid  ;  a  method  too,  appli- 
cable on  the  large  scale.*  In  strong  commercial  soda  lye  of  known 
strength,  so  much  melted  phenol  as  is  necessary  to  saturate  it  is 
dissolved.  The  whole  is  then  evaporated  in  a  sliallow  iron  vessel, 
with  constant  stirring  and  crushing,  until  a  dry  powder  is  obtained. 
This  powder,  which  is  sodium  phenylate,  is  then  heated  in  an  oil 
or  air-bath,  best  in  a  metallic  retort,  to  100°  and  dry  carbonic  gas 

♦  The  manufacture  of  salicylic  acid  on  a  commercial  scale  by  this  process  has 
been  undertaken  by  Dr.  von  Heyden  in  Dresden.  Kolbe  refers  chemists  desiring 
to  work  with  this  acid  to  this  fact,  and  asks  the  exclusive  privilege  for  a  year  from 
this  fall  of  working  upon  salicylic  and  paraoxybenzolc  acvda  vn  ^\a  wwiw^vs^* 
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is  passed  over  it.  The  temperature  rises  to  180®,  and  theo  phenol 
begins  to  distil  over.  The  process  is  finished  when  the  tempera- 
ture has  reached  220®  to  250  and  no  more  phenol  comes  off  The 
contents  of  the  retort  when  cool  are  dissolved  in  water,  acidified 
with  hydrochloric  acid,  heated  to  expel  phenol,  filtered  and  allowed 
to  cooL  Salicylic  acid,  in  nearly  the  theoretical  quantity,  crystal- 
lizes out.  The  same  result  is  afforded  by  calcium  and  barium 
phenylates ;  but  the  very  curious  result  was  observed  by  Kolhe 
that  potassium  phenylate  gave  paraoxybenzoic  acid  when  thus 
treated ;  due  apparently  to  the  temperature. — J.  pr.  Ch.^  11,  x, 
89,  July,  1874.  o.  f.  r. 

4.  VanUline, — At  a  meeting  of  the  Paris  Academy  of  Sciences 
held  Sept.  14,  Dr.  W.  A.  Hofmann  announced  that  his  two  stu- 
dents, MM  Tiemann  and  Haarmann,  who  had  obtained  vanilline 
(the  aromatic  principle  of  the  vanilla  bean)  from  pine  sap,  propose 
to  manufacture  this  substance  on  a  large  scale.  The  sap  of  a  tree 
of  medium  height  gives  vanilline  to  the  value  of  100  fr.,  and  the 
wood  is  not  injured  by  the  extraction  of  the  sap.  This  will  be 
the  second  vegetable  product  manufactured  by  purely  chemical 
methods. — Nature^  Sept.  24. 

5.  Expa^ision  of  Hard  Rubber, — M.  Kohlrausoh  having  seve- 
ral times  noticed  that  glass  flasks,  closed  by  stoppers  of  hard  rub- 
ber, burst,  concluded  that  this  substance  must  be  very  dilatable. 
This  hypothesis  was  fully  verified  by  experiment,  for  the  expan- 
sion of  this  body  was  found  to  be  about  three  times  that  of  zinc 
From  his  measures,  the  coefficient  of  dilatation  for  1°  between 
16°-7  and  26°-3  = -0000770,  and  between  25°-3  and  35°  4  = -0000842. 
Thus,  not  only  has  hard  rubber  a  very  great  coefficient  of  dilata- 
tion, but  the  latter  increases  very  rapidly  with  the  temperature. 

This  remarkable  property  can  be  applied  to  the  construction  of 
very  delicate  thermometers.  Thus,  with  a  small  instrument,  con- 
sistmg  of  two  strips  of  rubber  and  ivory,  20  cms.  long,  glued  to- 
gether and  fastenea  at  one  end,  we  obtain,  at  the  other  extremity, 
a  movement  of  several  millimeters  for  a  change  of  temperature  of 
one  degree.  The  coefficient  of  hard  rubber  is  equal,  at  zero,  to  that 
of  mercury  ;  above,  it  is  greater.  We  can,  then,  as  a  curiosity,  con- 
struct a  mercury  thermometer  with  a  reservoir  of  this  substance, 
whose  changes  will  be  the  opposite  of  those  of  a  common  ther- 
mometer, and  which  will  fall  with  an  increase  of  temperature. — 
Rib.  Univ.,  cxcix,  311 ;  Pogg,  Ann,^  cxlix,  577.  e.  o.  p. 

6.  Air  Pressure  required  to  sound  various  Wind  Tfistruments. 
— Dr.  W.  H.  Stone,  in  a  paper  before  the  Physical  Society  of 
London,  describes  some  experiments  on  the  wind  pressure  in  the 
human  lungs  during  performance  on  wind  instruments.  The  first 
experiment  aimed  simply  at  measuring,  by  a  water  gauge,  the  ex- 
treme pressure  which  could  be  supported  by  the  muscles  of  the 
lips,  both  of  trained  musicians  and  others.  About  six  feet  of 
water  was  the  ordinary  maximum  when  a  small  tube  was  inserted 
between  the  lips.  When  the  lips  were  supported  by  a  capped 
mouthpiece,  as  in  brass  instruments,  a  much  greater  pressure  could 
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be  sustained,  and  the  lip  muscles  invariably  gave  way  long  before 
the  expiratory  power  of  the  thoracic  muscles  was  exhausted. 

A  second  experiment  coosisted  in  introducing  a  small  bent  tube 
into  the  angle  of  the  mouth,  connected  with  a  flexible  tube  pass- 
ing over  the  shoulder.  It  was  found  that  most  instniments 
could  be  played  as  well  with  this  addition  as  without  it.  It  ob- 
viously established  a  communication  between  the  cavity  of  the 
performer's  mouth,  and  therefore  of  his  thorax,  and  the  pressure 
gauge.  The  following  table  was  compiled  from  many  observa- 
tions on  some  of  our  principal  English  musicians.  The  small  tube 
was  inserted  in  his  mouth,  and  he  was  directed  to  sound  in  suc- 
cession the  chief  notes  of  his  instrument.  As  soon  as  the  tone 
became  full  and  steady,  the  position  of  the  water  gauge  was  noted. 
A  fair  "  mezzo-forte  "  note  was  employed.  Of  course,  by  forcing 
the  wind  and  overblowing  the  instrument,  a  much  greater  pres- 
sure could  be  obtained,  but  those  given  here  were  sufficient  to 
produce  an  average  orchestral  tone : 

Oboe,    lower  notes,    9  inches,  highest,  1 7  inches. 

«  »(  Q  (( 

«  «         24       " 

"  «         34       « 

"  «  83       " 

u  u  3Q        a 

It  will  be  noticed  that  the  clarinet  in  this,  as  in  some  other 
respects,  differs  from  its  kindred  instruments,  and  also  that  most 
of  the  pressures  are  small,  not  exceeding,  or,  indeed,  attaining,  the 
pressure  of  a  fit  of  sneezing  or  of  coughing.  They  are,  therefore, 
very  unlikely  to  injure  the  lungs,  or  to  produce  the  emphysema 
erroneously  attributed  to  them. — Phil,  Mag,^  xlviii,  114.     e.  c.  p. 

7.  Forces  caused  by  Evajwration  from  a  Surface. — Prof.  O. 
Reynolds,  in  a  paper  before  the  Royal  Society,  gives  a  new  ex- 
planation of  the  observations  of  Prof.  Crookes  and  others,  that, 
under  certain  circumstances,  hot  bodies  appear  to  repel,  and  cold 
ones  to  attract,  other  bodies.  Prof.  Reynolds  claims  that  these 
effects  are  the  results  of  evaporation  and  condensation,  and  that 
they  are  valuable  evidence  of  the  truth  of  the  kinetic  theory  of 
gases,  viz.,  that  gas  consists  of  separate  molecules,  moving  at 
great  velocities. 

A  light  stem  of  glass  with  pith-balls  on  its  ends  was  suspended 
by  a  silk  thread  in  a  glass  flask,  so  that  the  balls  were  nearly  on 
a  level.  Some  water  was  then  put  in  the  flask,  and  boiled  until 
all  the  air  was  driven  out  of  the  nask,  which  was  then  corked  and 
allowed  to  cool.  Approaching  the  flame  of  a  lamp  to  one  of  the 
pith-balls,  it  was  repelled,  while  a  piece  of  ice  attracted  the  balL 
if  more  than  a  very  minute  amount  of  air  was  present  in  the  flask, 
these  effects  were  masked  by  the  formation  of  convection  cur- 
rents. When  a  piece  of  ice  was  held  near  one  of  the  pith-balls,  it 
was  attracted,  but  after  a  short  time  the  moisture  conuensed  on  it, 
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rendering  it  heavier  than  the  other  ball.  The  wet  ball  was  th«i 
more  than  ordinarily  sensitive,  while  the  other,  which  had  become 
dry,  was  nearly  insensible  to  heat.  On  removing  the  air,  and  so 
much  of  the  vapor  that  the  pressure  was  less  than  that  dae  to  the 
temperature,  the  balls  became  dry,  and  were  no  longer  sensitive 
to  the  lamp,  although  still  affected  by  the  ice.  When  no  vapor 
was  present,  the  convection  currents  reigned  supreme,  even  with 
very  small  pressures. 

These  experiments  seem  to  show  that  evaporation  from  a  but 
face  is  attended  with  a  force  tending  to  drive  the  surface  back, 
and  condensation  with  a  force  tending  to  draw  the  surface  for- 
ward. According  to  the  kinetic  theory  of  gases,  during  evapora- 
tion the  particles  are  shot  off  from  the  surface,  and,  since  action 
and  reaction  are  equal,  they  will  produce  a  corresponding  pressure 
back  on  the  surface,  corresponding  to  the  force  producing  the  re- 
coil of  a  gun.  In  the  same  way,  during  condensation,  the  parti- 
cles are  stopped  as  by  a  target,  and  produce  the  effect  of  a  pres- 
sure. Each  of  these  impulses  will,  however,  be  less  than  that  due 
the  ordinarily  impact  of  a  particle,  since  the  particle  is,  during 
condensation,  simply  stopped,  while  ordinarily  it  is  first  stopped 
and  then  thrown  with  equal  velocity  in  the  opposite  direction. 
The  pressure  is,  therefore,  increased  during  evaporation,  and  di- 
minished by  condensation.  In  the  case  of  water  at  60**  the  evapo- 
ration of  1  lb.  would  be  sufficient  to  maintain  a  force  of  66  lbs.  for 
one  second.  In  the  case  of  mercury,  this  force  will  be  only  6  lbs., 
but  the  latent  heat  of  mercury  being  only  one-thirtieth  that  of 
water,  the  same  expenditure  of  heat  would  maintain  nearly  three 
times  as  great  a  force  as  in  the  case  of  water.  In  Prof.  Crooke's 
experiments  the  use  of  the  Sprengel  pump  to  produce  a  vacuum 
seems  to  account  for  the  presence  of  a  condensable  vapor. — Phil, 
Mag,,  xlviii,  146.  B.  c.  p. 

8.  Index  of  Refraction  of  Liquiih, — MM.  Terquem  and  Tban- 
Nix  propose  a  new  method  of  determining  the  index  of  refraction 
of  liquids,  based  on  total  reflection.  A  small  tank  with  parallel 
sides  of  glass  is  used  to  contain  the  liquid.  In  this  are  placed  two 
plates  of  glass  cemented  along  the  edges  and  free  to  turn  through 
a  measurable  angle.  The  whole  is  placed  between  the  collimator 
and  observing  telescope  of  an  optical  circle.  The  image  of  the 
slit  being  distinctly  seen,  the  plates  are  turned  until  total  reflection 
takes  place,  when  the  slit  disappears.  Then  turning  the  plates  in 
the  opposite  direction,  a  second  measurement  is  obtained,  and  the 
difference  equals  twice  the  limiting  angle  of  the  liquid  w^ith  regard 
to  air.  With  common  light  the  image  turns  red  before  disappear- 
ing, but  with  monochromatic  light  the  disappearance  is  almost  in- 
stantaneous and  can  be  determined  within  a  quarter  of  a  minute. 
With  a  Geissler  tube  containing  hydrogen  as  a  source  of  light,  the 
image  undergoes  two  marked  changes  of  color,  due  to  the  total 
reflection  of  the  two  rays  Hy  and  11/?.  The  error  then  is  only 
about  half  a  minute,  and  for  Ha  about  a  quarter  of  a  minute.  The 
measurements  of  several  liquids  are  given,  agreeing  very  closely 
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with  previous  determinations,  the  difference  being  readily  ac- 
counted for  by  the  difficulty  of  obtaining  the  liquid  perfectly  pure. 
—  Comptea  Hendus^  Ixviii,  p.  1843.  e.  c.  p. 

9.  ^Electrical  Phenomena, — P.  Dom.  Marianini  describes  two 
carious  phenomena  illustrating  the  difference  in  the  spark  from  a 
body  electrified  positively  or  negatively.  Two  metallic  forks  have 
two  prongs,  one  terminating  in  a  point,  the  other  in  a  ball,  and 
placed  opposite  each  other,  so  that  each  point  is  opposite  a  ball. 
An  electric  spark  will  pass  through  one  or  the  other,  according  as 
it  is  positive  or  negative. 

The  shorter  end  of  the  siphon  dips  in  a  vessel  of  water,  and  the 
larger  end  is  drawn  out  to  a  point,  so  that,  owing  to  capillarity, 
no  water  will  flow.  The  water  level  may  then  be  raised  or  lowered 
by  trial  until  it  reaches  such  a  height  that  the  siphon  throws  out 
diverging  drops  when  connected  with  a  positive  source  of  elec- 
tricity, and  there  is  no  flow  when  the  source  is  negative.  The 
opposite  result  takes  place  when  the  end  of  the  siphon  is  placed 
opposite  the  machine,  the  water  being  connected  with  the  earth. 

M.  A.  RoiTi  attempts  to  determine  whether  the  electric  current 
is  an  ether  current,  by  the  fact  that  the  velocity  of  light  in  a  liquid 
traversed  by  a  current  ought  to  be  influenced  by  the  direction  of 
the  current,  if  their  velocities  are  comparable.  He  employs  an 
arrangement  like  the  interferential  refractometer  of  Arago,  and 
finds  that  there  is  no  sensible  action. — II  nttovo  Cimento^  ix,  97, 
148  ;  Joum,  des  Phys,^  iii,  227.  b.  c.  p. 

10.  N'ote  on  the  view  of  Mallet  as  to  the  Fusion  of  Metals ;  by 
Adolf  Schmidt,  of  the  Missouri  Geological  Survey.  (Communi- 
cated.)— This  Journal  for  September  mentions  a  paper  read  by  Mr. 
R.  Mallet,  before  the  Royal  Society,  on  the  fusion  of  metals.  In 
that  paper  the  author  is  said  to  have  explained  the  fact  that  some 
metals,  when  solid,  float  on  a  melted  bath  of  the  same  metal,  by 
the  assumption  of  a  '*  repellent  force."  Before  definitively  adopt- 
ing this  rather  mysterious  explanation,  I  recommend  to  all  who 
are  yet  in  doubt  in  regard  to  this  subject  to  make  the  following 
experiment : 

Have  a  solid  ball  of  cast-iron  of  1^  to  2  inches  diameter  cast 
and  filed  off  pretty  smoothly.  Have  a  ladle  or  vessel  of  at  least 
•f  cubic  foot  capacity  filled  with  molten  cast-iron.  If  then  you  lay 
the  cold  cast-iron  ball  on  the  surface  of  the  molten  iron,  you  will 
find  that  the  ball,  in  spite  of  the  "  repellent  force,"  assumed  by 
Mr.  Mallet,  will  sink  to  the  bottom  of  the  ladle  at  once.  With  an 
iron  rod  you  can  feel  the  ball  at  the  bottom  of  tbe  ladle  and  roll 
it  about.  But,  after  twenty  or  thirty  seconds,  the  ball  will  slowly 
rise  to  the  surface  of  the  bath  and  remain  there.  It  is  thus  evi- 
dent that  cast-iron  at  ordinary  temperatures  is  both  heavier  and 
denser  than  molten  iron,  but  that,  as  its  temperature  rises,  the 
solid  iron  expands,  and  becomes  lighter  and  finally  floats  on  the 
molten  iron.  The  latter  fact  shows  simply  that  solid  iron,  when 
at  a  high  temperature,  approaching  its  melting  point,  is  less 
dense  and  lighter  than  molten  iron,  which  fact  again  implies  that 
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molten  iron  must  undergo  a  rapid  expansion  in  the  moment  of  iti 
solidification.  The  extent  of  this  expansion  is,  however,  less  than 
that  of  the  subsequent  contraction  in  cooling,  so  that  the  cold  iron 
is  again  denser  than  the  molten  iron. 

The  error  of  Mr.  Mallet  and  of  many  preceding  observers  .con- 
sists in  this  :  Tlieir  observation,  that  the  solid  metal  floats  on  tiie 
molten  metal  refers  to  the  former  when  heated^  while  their  determi- 
nations of  specific  gravity  of  the  solid  metal  are  made  with  the 
metal  when  cold.  But  my  experiment,  as  above  described,  shows 
that  this  cold  metal,  which  has  the  highest  specific  gravity, 
does  not  float,  and  the  heated  metal  which  does  float  has  undoubt- 
edly a  smaller  specific  gravity.  There  is  certainly  nothing  either 
incongruous  or  wonderful  in  all  this,  and  nothing  that  would 
require  or  justify  the  assumption  of  a  "  repellent  force.''  None  of 
Mr.  Mallet^s  experiments,  as  far  as  they  are  mentioned  in  the 
"Journal,"  prove  anything  against  the  temporary  expansion  of 
certain  metals  in  the  moment  of  solidification,  and  all  the  observa- 
tions I  made  on  this  point  in  foundries  verify  it. 

Washington  University,  St.  Louis,  Mo.,  September  2l8t,  IS74. 

■ 

II.  Geology  and  Natural  History. 

1.    Notes  on  the  Geology  of  Costa  Rica  ;   by  W.  M.  Gabr— 

I  The  following  letter  was  recently  received  from  Mr.  Gabb,  who 
las  been  at  work  exploring  in  Costa  Rica  during  the  year  past 
His  labors  are  bringing  much  that  is  new  to  light  over  a  region 
of  which  little  is  geologically  known.  We  trust  that  they  may 
be  continued  until  the  resources,  features,  and  structure  of  the 
country  are  thoroughly  investigated.  No  one  is  better  fitted  than 
Mr.  Gabb  for  the  work.— j.  d.  d.] 

San  Josi,  Costa  Rica^  Aug.  10,  1874. 

I  have  just  returned  from  my  last  trip  into  the  wilderness  of 
Talamanca,  and  am  now  winding  up  the  work  in  the  shape  of  re- 
ports, maps,  etc.  The  close  ol  the  survey,  in  fact  the  last  halfi 
found  nie  the  only  representative  of  the  original  corps.  Not  only 
all  of  my  first  assistants,  but  in  some  cases  two  relays  of  substi- 
tutes, gave  out  and  retired,  with  health  seriously  injured.  One 
man,  now  a  year  in  a  healthy  climate  and  in  the  doctor's  hands, 
is  not  well  yet.  Fortunately,  I  lost  no  lives,  and,  so  far  as  1  my- 
self am  concerned,  neither  my  life  nor  my  spleen  is  injured,  and 
except  being  a  little  lighter  in  weight  I  am  as  good  as  new,  and 
ready  to  go  into  the  field  again  as  soon  as  my  report  is  finished 
and  my  money  paid  ! 

We  were  about  four  months  away  on  my  last  joumev,  and 
while  our  hardships  were  neither  few  nor  trivial,  our  scienti6c  re- 
sults were  satisfactory. 

We  reached  the  summit  of  Pico  Blanco  June  13,  and  spent  three 
hours  on  the  summit.  Without  having  at  hand  the  tables  for 
going  into  the  calculations  for  corrections,  "etc.,  the  barometric  re- 
sults are  approximately  10,000  feet.     This  is  1,500  feet  lower  than 
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the  formerly  received  opinion.  Where  this  originated  I  cannot 
learn.  From  the  flank  of  Pico  Blanco  I  made  a  rude  leveling 
across  to  the  summit  of  the  "  U-jum,"  mentioned  in  my  last  letter, 
and  got  its  approximate  height — about  9,600  feet.  The  other  one, 
mentioned  on  the  strength  of  repoits  of  the  Indians,  and  which  I 
had  not  seen,  is  200  to  300  feet  lower. 

I  find  that  "  U-jum  "  means  in  the  native  language  a  bold  peak, 
and  is  a  generic  term.  It  is  applied  by  the  people  equally  to  the 
summit  of  "  Kamuk "  (Pico  olanco).  For  aistinction,  therefore, 
I  propose  to  retain  for  the  last  named  its  Spanish  name ;  for  that 
at  the  head  of  the  Coer  we  might  accept  the  word  U-jum,  more 
especially  since  I  have  already  used  it  m  a  specific  sense ;  while 
for  the  intermediate  peak,  at  the  head  of  the  ridge  between  the 
Lari  and  its  tributary,  the  Dipari,  I  suggest, the  name  of  Mt. 
Lyon,  in  honor  of  my  friend  Mr.  J.  H.  Lyon,  the  only  white  man 
in  Talamauca,  and  without  whose  active  sympathy  and  unremit- 
ting exertions  our  expedition  could  not  but  have  been  a  failure. 

To  estimate  Pico  Blanco,  I  give  you  the  data. 

Old  Harbor,  sea  level,        barometer,  39*042,  att  therm.     SO,  det.  therm.  81 
Summit  of  Peak,  "  19814,    "        "     63-6,     "        "       62 

Its  geography  has  been  misstated  by  some  writers,  who  have 

S laced  it  on  a  spur  of  the  Cordillera.  It  is  distinctly  in  the  center 
ne  of  the  main  chain,  the  watei*s  falling  rapidly  from  it  toward 
the  two  oceans.  In  this  connection  we  have  robbed  Iraza,  the 
"  show  mountain  "  of  Costa  Kica,  of  one  of  its  chief  glories.  Every- 
body who  comes  to  the  country  rides  up  to  the  crater  on  mule 
back  and  then  writes  a  book  about  his  achievement,  not  omitting 
to  state  that  this  is  the  only  point  in  the  world  where  one  can  see 
both  oceans  at  once. 

From  even  as  low  as  600  feet  below  the  summit  of  Blanco  we 
saw  at  a  glance  thirty  miles  of  the  Atlantic,  and  all  of  forty  of  the 
Pacific.  This  is  a  little  better  than  a  glimpse  of  near  Grey  town 
on  one  side,  and  a  suspicion  of  the  Gulf  of  Nicoyo  on  the  other, 
which  the  Iraza  (or  volcano  of  Cartago)  people  get. 

Geologically,  Pico  Blanco  must  henceforward  be  erased  from 
the  list  of  volcanos.  It  is  the  culminating  point  of  a  granite  in- 
trusion from  below  Miocene  rocks.  I  say  intrusion,  after  due 
weighing  of  probabilities  as  to  Azoic  core,  which  I  know  will  sug- 
gest itself  to  you.  I  have  not  space  here  to  enter  into  details. 
Only  one  fact  can  be  dwelt  on  now.  Not  a  pebble  of  granite  or 
syenite  has  yet  been  found  by  me  in  our  conglomerates ! 

While  I  say  it  is  not  a  volcano,  yet  there  is  a  large  mass  of  true 
volcanic  rock  forming  the  apex.  It  is,  however,  only  a  dike,  laid 
bare  by  denudation,  and  does  not  extend  300  feet  below  the  sum- 
mit. Hundreds  of  similar  dikes  are  found  all  through  the  hills, 
but  have  to  be  looked  for,  surrounding  circumstances  not  having 
been  so  favorable  for  bringing  them  into  view.  Besides,  there  is 
not  the  slightest  trace  of  a  crater  form,  either  entire  or  in  part. 
The  top  is  a  straight,  ragged  ridge,  with  an  isolated  point  at  the 
west  end,  a  trifle  higher  than  the  other  part. 

AM.  Jour.  Sol— Third  Series,  Vol.  VIII,  No.  47.— Nov.,  1874. 
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I  do  not  know  what  to  say  of  U-jum  and  Mt.  Lvon.  Like 
Blanco,  the  last  few  hundred  feet  of  their  summits  are  t>are  of  for 
est.  On  the  mountain  visited  this  is  replaced  by  a  growth  of 
sage,  farze,  heather,  moss,  fern,  whortleberries  of  a  light  reddidi 
brown  color,  etc.  The  fires,  smoke,  etc.,  reported  at  times  may 
result  from  the  burning  of  this  vegetation,  but  they  certainly  do 
look  volcanic  at  a  few  miles  distance. 

One  day,  when  the  sky  overhead  was  clear,  I  heard  thunder 
from  a  distant  storm ;  at  least,  so  I  believe  it  to  have  been.  But 
two  or  three  of  my  Indians  exclaimed  at  once  ^^  U-jum  oruna^ 
(U-jum  is  angry).  There  is  no  active  volcano  in  their  country  or 
within  their  ken,  if  U-jum  is  not  one,  and  how  could  they  know  (rf 
volcanic  rumblings  except  by  some  such  experience?  I  must 
hold  my  opinion  in  abeyance  until  good  fortune  enables  me  to 
visit  one  or  both  of  these  interestins^  peaks. 

But  my  sheet  is  nearly  full,  and  1  nave  left  much  unpaid.  We 
have  now  full  notes  for  a  thorough  topographical  map  of  the 
region.  I  have  all  of  the  geology  and  large  collections  in  zoology, 
and  more  than  anybody  else  wiU  probably  ever  get  in  ethnology. 

2.  N^ote  on  the  occurrence  of  Jdetamorphic  Siluriati  Hocks  in 
North  Carolina  ;  by  Prof.  Frank  11.  Bradlky.  (From  a  letter 
to  J.  D.  Dana,  dated  Knoxville,  Tenn.,  September  1  Sth,  1874.)— 
In  my  recent  trip  into  North  Carolina,  from  which  I  have  just 
returned,  I  determined  the  metamorphic  rocks  of  the  southwestern 
comer  of  that  State  and  of  the  adjoining  part  of  Georgia  to  be 
unquestionably  of  Silurian  age.  I  did  not  go  east  of  Franklin; 
but,  so  far,  they  are  all  Lower  Silurian.  The  crystalline  marbles 
of  Murphy  and  vicinity — white,  black  and  flesh-colored — which 
are  partly  siliceous  and  inclose  a  rich  bed  (?)  of  gold-bearing 
quartz,  are  the  precise  equivalent  of  our  Knox  limestones  of 
Quebec  Group  age,  though  much  thinner  than  the  equivalent  Wdg 
in  East  Tennessee.  Like  their  unaltered  equivalents  in  the  Great 
Valley,  they  are  accompanied  by  heavy  beds  of  brown  hematite 
of  the  best  quality.  They  are  accompanied  >>y  heavy  beds  of 
agalmatolite  and  itacolumite,  and.  as  these  rocks  are  said  to  also 
accompany  the  limestones  of  Gainesville,  Ga.,  on  the  south  side  of 
the  Blue  Kidge,  I  suspect  that  these  latter  will  prove  to  be  of 
the  same  age. 

3.  Abstract  of  a  paper  on  the  Trap  Rocks  of  the  Conntcticnt 

Valley  ;  by  E.  S.  Dana.     (Read  before  the  American  Association 

at  the  Hartford  Meeting,  Aug.  1H74.) — This  paper  was  a  report  of 

some  preliminary  results  obtained  in  a  series  of  investigations  no\r 

being  carried  on  by  E.  S.  Dana  and  G.  W.  Hawcs. 

The  trap  belongs  to  an  extensive  series  of  fissure  eruptions  con- 
nected with  the  Mesozoic  sandstone,  not  only  of  the  Connecticut 
Valley  hut  also  of  Nova  Scotia,  New  Jersey,  Pennsylvania,  and 
North  Carolina.  These  dikes  of  trap,  however,  are  nowhere  dis- 
played to  such  extent  and  in  such  numbers  as  in  our  vicinity — in 
Connecticut — where  they  have  been  studied  topographically  and 
mapped  with  a  man^elous  degree  of  accuracy  and  minuteness  by 
PercivaL 
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The  trap  rock,  microscopically  investigated,  shows  throughout 
a  crystalline  texture.  It  is  made  up  of  pyroxene,  labradorite  and 
magnetite,  with  also  occasionally  some  chrysolite  and  apatite. 
Chlorite  is  often  present  as  the  result  of  local  change.  The  pyrox- 
ene sometimes,  in  coarse  varieties,  runs  off  into  long-bladed  prisms, 
somewhat  resembling  hornblende,  which  name  has  in  consequence 
often  been  given  to  it.  The  pyroxene  is  the  first  constituent  to 
suffer  from  surface  alteration.  The  magnetite  is  commonly  in 
irregular  masses,  but  sometimes  shows  curious  and  beautiful  arbo- 
rescent crystallized  forms,  frequently  observed  elsewhere  in  similar 
rocks.  It  is  interesting  to  observe  that  these  peculiar  dendritic 
forms  are  confined,  as  far  as  now  observed,  to  the  more  hydrous 
of  the  trap  rocks,  although  future  study  may  not  confirm  this. 
The  feldspar  shows  before  the  microscope  its  triclinic  character; 
and  an  analysis  of  the  rock  by  Mr.  Hawes  proves  that  it  has  the 
composition  of  labradorite.  This  analysis  ^ves  for  the  rock  ex- 
actly the  composition  of  a  dolerite,  and  it  must  receive  this  name, 
as  it  has  generally  done  hitherto,  though  in  this  we  go  counter  to 
foreign  usage,  according  to  which  dolerite  is  a  younger  rock,  not 
older  than  the  Tertiary.  It  is  important  to  observe  that  the  rock, 
as  it  contains  no  homolende,  is  not  diorite,  though  that  name  has 
also  been  given  to  it. 

Turning,  however,  from  what  may  be  called  the  normal  rock, 
for  example,  that  analyzed  by  Mr.  Hawes  just  referred  to,  contain- 
ing almost  no  water,  we  find  other  varieties  containing  a  consid- 
erable amount ;  and  here  the  microscope  comes  to  our  assistance, 
making  it  possible  to  extend  our  observations  over  a  wide  range 
in  a  short  time. 

We  find  that  the  trap  which  has  come  up  through  the  older  crys- 
tcUline  rocks  is  most  of  all  free  from  hydrous  minerals,  or  any  evi- 
dence of  alteration,  its  grains  having  a  fresh,  vitreous  look  on  the 
fractura  This  is  also  true,  but  nof  quite  so  completely,  of  trap 
from  the  West  Kock  range,  which  adjoins  the  region  of  crystalline 
rocks,  and  that  from  East  Rock  near  New  Haven,  a  little  more  to 
the  eastward,  and  of  trap  fi'om  other  points  south  and  west.  As 
we  go  from  West  Kock  toward  the  eastern  side  of  the  Mesozoic 
sandstone  region,  the  character  of  the  rock  changes ;  it  loses  its 
lustre  and  hardness,  and  is  often  amygdaloidal.  The  change  is 
due  to  the  hydrous  character.  The  rock  from  the  Saltonstall  ridge, 
for  example,  contains  4  to  5  per  cent  of  water.  This  trap  is 
throughout  more  or  less  green  under  the  microscope,  containing  a 
cblorite,  sometimes  in  plates  and  seemingly  made  at  the  expense 
of  the  pyroxene,  sometimes  in  cavities,  these  last  often  entirely 
invisible  to  the  unaided  eye.  This  general  character  belongs  to 
the  trap  more  or  less  decidedly  from  East  Haven  north,  following 
the  eastern  range  through  the  Durham  or  Middletown  Mountain  ; 
it  is  also  true  of  a  large  portion  of  the  Meriden  range  and  its  con- 
tinuation north  to  Mt.  Tom. 

In  addition  to  this  massive,  though  generally  chloritic  trap, 
which  makes  up  most  of  the  great  ridges  laid  down  on  Percival's. 
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map,  we  find  also  another  variety  quite  different ;  this  is  light  greeo 
in  color,  soft,  very  hydrous,  and  has  its  feldspar  as  well  as  pyrox- 
ene very  much  altered.  It  is  most  characterized  by  its  amygdt- 
loidal  structure,  the  cavities  being  very  numerous,  filled  with  c^ 
cite  or  chlorite  or  quartz,  and  sometimes  with  datolite  or  anaclite. 
The  cavities  are  also  sometimes  in  part  filled,  curiously  enough, 
with  bitumen ;  this  is  true  of  some  dikes  west  of  Hartford.  tSib 
amygdaloid,  moreover,  is  found  in  a  series  of  low,  Bubordinate 
ridges  parallel  to  or  concentric  with  some  of  the  most  promineDt 
ranges,  for  example  at  the  Meriden  Hills,  as  first  pointed  out  bj 
Percival — one  of  the  most  curious  phenomena  connected  with  this 
subject,  and  not  easy  of  explanation. 

1  he  fact,  just  alluded  to,  that  the  amygdaloidal  and  massive 
trap  occur  in  the  same  dike,  seems  to  shut  out  the  idea  that  these 
subordinate  ridges  are  different  in  age  from  those  adjoining.  If 
we  accept  the  idea  suggested  by  Prof.  Dana  in  a  recent  article,  that 
the  moisture  in  ieneous  rocks  found  access  to  them  while  they 
were  in  process  of  eruption,  we  may  regard  all  these  as  results  of 
changes  wrought  in  wnat  originally  was  essentially  the  same  ma- 
terial by  local  causes  in  introducing  moisture.  In  accordance  widi 
this  view  the  trap  intersecting  the  crystalline  rocks  is  anhydrous, 
while  that  of  the  interior  of  the  sandstone  region,  where  alone 
subterranean  streams  of  waters  were  possible,  are  more  or  less 
hydrous.  But  I  leave  the  subject  here,  since  until  many  more 
facts  have  been  collected  and  the  work  of  the  microscope  has  been 
supplemented  by  that  of  the  laboratory  under  the  bands  of  Mr. 
Ilawes,  any  definite  conclusion  will  be  unsafe. 

In  a  few  individual  cases  the  Triassic  trap  from  Nova  Scotia, 
New  Jersey,  Pennsylvania,  and  North  Carolina  has  been  examined, 
and  as  far  as  microscopic  structure  goes  the  rock  from  these  dis- 
tant points  is  hardly  to  be  distinguished  from  the  trap  of  the 
Connecticut  Valley. 

4.  Wood  Till  in  Georgia  ;  by  William  P.  Blake.  (From  a 
comnumication  to  one  of  the  editors.) — In  1860,  while  examining 
a  series  of  specimens  of  the  residual  black  sand  from  the  sluices 
used  in  collecting  gold  in  North  Carolina  and  Georgia,  I  found 
several  minute  grains  of  wood  tin  in  the  sand  from  the  Nacoochee 
Valley,  White  County,  Georgia.  Although  it  occurs  sparingly,  the 
fact  tliat  it  exists  is  worthy  of  record,  as  it  may  possibly  be  traced 
to  larger  deposits.  1  have  examined  sand  from  a  great  number  of 
other  localities,  southwestward  from  Kutherfordton  in  North  Caro- 
lina, without  finding  any  traces  of  tin.  The  usual  minerals  of  the 
"  black  sand  "  about  Dahlonega,  Georgia,  aie  specular  iron,  mag- 
netite, ilmenite,  rutile,  cyanite  and  garnet.  At  the  Walton 
Branch,  in  North  Carolina,  corundum,  zircon  and  monazite  are 
abundant,  with  the  ordinary  mixtures  of  iron  minerals,  and 
xenotime  occurs  in  minute  crystals,  but  no  tin  ore  was  found. 

5.  Das  Erdhel)en  von  Ilerzogtnrath  aw  22  October^  1873,  J5Y« 
Beitrag  zur  exdkten  Geologie  ;  A.  von  Lasaulx.  Bonn,  1874. 
pp.    157,  with  several  plates. — During  the  autumn  of  1873  the 
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neighborhood  of  Aachen  (Aix  la  Chapelle)  was  the  center  of  a 
senes  of  earthquake  shocks,  which  continued  from  September  28th 
to  December  2d ;  the  most  violent  and  extended  of  them,  however, 
took  place  on  the  22d  of  October.  This  earthquake  has  been  the 
subject  of  minute  and  careful  study  by  v.  Lasaulx,  and  all  directly 
or  indirectly  interested  in  such  matters  will  find  his  pamphlet  of 
great  interest.  After  giving  all  the  observations  made  at  difterent 
places,  he  discusses  the  general  character  of  the  earthquake,  that 
IS,  its  intensity  and  extent,  duration,  and  direction,  with  the 
accompany  phenomena  of  sound,  etc.  He  determines  also,  by 
careful  calculations,  the  exact  superficial  center  of  the  action,  and 
also  the  center  in  the  earth's  interior  from  whence  it  went  out,  and 
its  velocity  of  propagation  (360  meters  per  second).  His  conclu- 
sion upon  the  second  point  is  important  and  interesting,  he  says : 
the  center  of  propagation  ( Ausgangspunkt  der  Erschtltterung)  tlid 
not  lie  at  a  depth  so  great  that  the  direct  cause  of  the  first 
impulse  could  have  been  on  the  limiting  zone  between  the  fluid 
interior  of  the  earth  and  the  solid  crust,  nor  could  it  have  been  in 
any  immediate  connection  with  this;  on  the  contrary,  this  ceiUer 
must  have  been  in  the  region  of  the  older  sedimentary  rocks.  He 
adds  that  it  is  not  improbable  that  it  was  connected  with  the 
making  of  crackn  and  fissures  in  the  earth's  crust. 

The  seismometer,  or  seismochronograph,  is  a  little  instrument 
devised  by  the  author  for  registering  the  time  of  earthquake 
shocks.  It  is  intended  to  be  attached  to  the  reliable  clocks  to  be 
found  in  telegraph  offices  and  places  of  that  kind,  and  acts  by 
means  of  a  little  lever  which  falls,  stopping  the  pendulum,  at  the 
moment  of  the  shock.  This  is  effected  by  means  of  a  metal  ball, 
which  is  dislodged  from  its  delicate  restmg-place  and  sets  free  a 
spring,  which  in  turn  acts  upon  the  lever.  The  direction  of  the 
snock  is  also  approximately  recorded.  The  author  justly  urges 
that,  with  some  such  apparatus  in  general  use,  our  observations  of 
the  time  of  earthquake  phenomena  would  be  much  more  numerous 
and  trustworthy.  e.  s.  d. 

6.  Mineralogische  MUtheilungen^  geaammelt  von  G,  Taclier- 
tnak.  Heft  ii,  1874.  Vienna.  77  pp. — Prof.  Tschermak  is  per- 
forming a  great  service  to  all  mineralogists  in  collecting  and 
making  available  the  memoirs  which  fill  the  pages  of  the  successive 
numbers  of  the  Mittheilungen.  His  position  as  Director  of  the 
Royal  Mineralogical  Museum  of  Vienna — a  city  well  known  for 
its  scientific  activity — gives  him  especial  advantages  for  obtaining 
valuable  contributions.  This  journal  appears  quarterly  in  con- 
nection with  the  Jahrbuch  der  k.  k,  geol.  Reichsanstalt,  though 
it  is  also  published  independently.  It  is  now  in  its  fourth  year, 
and  as  the  only  journal  devoted  exclusively  to  mineralogy, 
already  holds  a  high  place  among  scientific  serials.  The  last 
number  received  is  the  second  issued  for  1874,  and  contains  the 
following  papers : 

Simple  crystals  of  Albite  from  the  Schneeberg,  by  J.  Rumpf ; 
3Iorphological  study  on  Atacamite,  by  Edward  S.  Dana  (New 
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Haven) ;  On  the  occurrence  of  native  Iron  in  a  dike  of  Basalt  at 
Ovifak  in  Greenland,  by  G.  Nauckhoff ;  Monograph  on  Roselite, 
by  A.  Schrauf ;  On  Clinochlore,  by  A.  Schrauf ;  On  the  oecm- 
rence  of  Meteorites  at  Ovifak,  Greenland,  by  HGr.  Tschermak; 
Analyses  of  Feldspar,  Cbinochlore  (from  Chester  coontj,  Penn.), 
Magnesia-mica,  Mispickel  crystals,  etc.,  from  the  laborntory  of 
Prof  Ludwig ;  also  short  notices  of  Glauberite  from  Sicily,  of 
Stalagmites  from  the  Adelsberg  Grotto,  and  of  a  new  and  inte^ 
esting  twin  (drilling)  of  Calcite. 

7.  Description  de  la  Formation  Carhonifhre  de  la  Scanie ;  par 
E.  Kbdmann. — Stockholm,  1873.  84  pp.  4to. — This  is  an  abridged 
edition,  in  French,  of  Erdmann's  Swedish  memoir.  The  carbonif* 
erous  formation  described  is  supposed  to  be  of  the  age  of  the  Lias. 
Besides  this  and  the  Pre-Sihinan  formation,  there  are  in  Scania 
the  Upper  and  Lower  Silurian  overlaid  conformably  by  the  sand- 
stone of  Mdr,  which  Erdmann  inclines  to  make  the  base  of  the 
Scanian  Carboniferous.  The  Carboniferous  has  afforded  plants 
and  nioHusks  which  render  it  probable  that  it  is  not  older  than  the 
Lias.  Above,  there  are  Cretaceous  beds,  probably  over  160  meters 
in  thickness,  and  then  the  Quaternary. 

8.  Petrographische  Studien  an  den  J^honolithgesteinen  Soke- 
mens  ;  Dr.  E.  Boricky.  Prague,  1874.  pp.  93,  with  two  colored 
plates. — The  contributions  of  Dr.  Boricky  upon  the  basaltic  rocks 
of  Bohemia  have  already  been  noticed  in  this  Journal.  This 
pamphlet  upon  the  phonolytes  is  of  the  same  character,  and  is 
marked  by  the  same  care  and  minuteness  of  description.  The 
beautiful  colored  plates  will  be  of  great  help  to  those  studying  the 
memoir. 

9.  Descriptions  of  tlie  Mollusks  of  the  Tertiarg  of  Piedmont 
and  of  Liguria  ;  by  L.  Bellardi. — Volume  xxvii  of  the  Memoirs 
of  the  Turin  Academy,  published  in  1873,  contains  Part  L  of  this 
memoir.  It  occujiies  pages  33  to  294,  and  is  illustrated  by  15 
beautiful  and  woU  cTowded  lithographic  plates.  The  species  in- 
clude the  Cephalopods,  Pteropods,  and  Heteropods,  and  the  Gas- 
teropods  of  the  families  Muricidje  and  Tritoniaa*. 

1 0.  Beskrifning  ofver  Besier-ecJcsteins  kronioUtografi  och  lito- 
typografi  anvdnda  vld  tryckningen  af  geologisk  Ofversigtskartu 
of'erSkdne^  meddelad  a/*  Algernon  B5rtzell. — No  geologii'al 
cliarts  are  more  admirably  colored  than  those  of  Sweden.  This 
paper,  giving  an  account  of  the  method,  and  representing  by  a 
colored  plate  the  mixtures  of  colors  for  producing  200  different 
shades  ot  color,  is  of  the  highest  interest  to  the  geologists  of  this 
country,  and  all  workers  in  chromolithography. 

11.  Das  Elbthalgebtrge  in  Saehsen  von  Dr.  H.  B.  Geinftz; 
I  Tlieil,  7  Lieferuiig. — This  new  number  contains  eight  new  litho- 
graj)hic  plates,  53  to  60  inclusive,  of  Gasteropods  from  the  Lower 
Quader  or  Middle  Cretaceous,  representing  more  than  a  hundred 
species. 

12.  Geological  Survey  of  Georgia, — A  survey  of  the  State  of 
Georgia  is  in  progress  under  the  direction  of  Professr  Little,  with 
Mersrs.  McCutchen  and  Schley  as  assistants. 
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13.  Geological  Survey  of  Sweden.— The  geological  survey  of 
Sweden  is  at  present  under  O.  M.  Torell  as  chief  geologist ;  the 
other  geologists  are  A.  E.  T6mebohm,  E.  Erdmann,  D.  Hummel, 
O.  J.  Gumielius,  M.  J.  Stolpe;  assistant  geologists,  V.  Karlsson, 
J.  G.  O.  Linnai-sson,  L.  J.  Palmgren ;  actuary,  J.  E.  Bdrtzell ; 
chemist,  G.  H.  Santesson. 

14.  Memoirs  of  the  Geological  Survey  of  Italy. — The  second 
part  of  volume  ii  of  these  memoirs  contains  a  paper  by  B.  Gas- 
taldi  on  the  ophites  or  Pietri  verdi  of  the  Alps. 

15.  American  Entomology. — A  record  of  American  Entomology 
for  1873,  by  A.  S.  Packard,  Jr.,  is  contained  in  the  Sixth  Annual 
Report  of  the  Trustees  of  the  Peabody  Academy  of  Science  at 
Salem,  Mass. — The  same  report  contains  also  descriptions  of  N.  A. 
Noctiudse  by  A.  R.  Grote,  of  N.  A.  Phalaenid^e,  oy  A.  S.  Pack- 
ard, Jr.,  besides  others  of  N.  A.  Phyllopoda  by  A.  S.  Packard,  Jr., 
and  notes  on  some  dredgings  near  Salem  by  A.  E.  VerrilL 

1 «.  The  Carnivorous  Habits  of  some  of  our  Brother-  Organisms 
— Pl/tnts^  is  the  theme  chosen  for  his  address  by  the  president  of 
the  Department  of  Zoology  and  Botany  (Dr.  Hooker),  at  the  Bel- 
fast meeting  of  the  British  Association.  Although  the  subject 
owes  the  great  interest  it  now  inspires  chiefly  to  some  sagacious 
investigations  by  Mr.  Darwin,  still  mainly  unpublished,  it  has  been 
BO  much  more  attended  to  in  a  popular  way  in  the  United  States 
that  it  has  no  longer  here  the  complete  novelty  which  it  appears 
to  possess  on  the  other  side  of  the  Atlantic.  Here  the  pnncipal 
facts,  as  known  up  to  a  recent  date,  along  with  those  relating  to 
plant-climbing  and  insect-fertilization,  are  matters  of  school  in- 
struction ;  and  a  narrative  in  The  Nation  recapitulated  what  is 
known,  and  what  has  been  observed  in  this  country  especially, 
from  the  time  of  Macbride,  and  later,  of  Dr.  Curtis,  down  to  contri- 
butions of  Mr.  Canby  and  Mrs.  Treat.  Also  the  curious  new  dis- 
coveries made  last  summer  by  Dr.  Mellichamp  upon  the  most  in- 
teresting of  the  Sarracenias,  given  in  full  in  the  New  York  Tri- 
bune, and  in  abstract  in  this  Journal,  were  presented  anew,  and 
with  further  particulars,  to  the  American  Association,  at  the  Hart- 
ford meeting  early  in  August ;  and  Mr.  Canbv  supplemented 
these  with  an  account  of  the  behavior  of  the  California  analogue 
of  Sarracenia^  viz.,  Darlingtonia. 

The  report  which  has  reached  us  of  Dr.  Hooker's  interesting 
dissertation  is  unofficial  and  evidently  somewhat  imperfect,  having 
many  of  the  literary  faults  incident  to  a  reporter's  transcnpt.  But 
its  new  points — of  which  alone  we  can  now  take  notice — are  clearly 
presented  and  are  full  of  interest.  Passing  by  the  resuscitation 
of  Linnaeus'  forgotten  sugirestion  that  the  Sarracetna  leaf  may  be 
a  metamorphosis  of  that  of  Nyniplicea^  hollowed  out  into  a  cup  to 
hold  the  water  in  which  it  can  no  longer  float  (on  the  strength  of 
which  he  claims  Linnaeus  as  a  Darwinian  evolutionist !),  and  the 
classification  of  the  pitchers  of  the  several  species  according  to 
their  endowments  and  adaptations,  which  has  been  before  alluded 
to ;  and  interposing  only  the  remark  that  in  wild   and  even  in 
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cultivated  plants  of  Sarracenia  flava  we  have  found  the  watery 
secretion  bedewing  the  inside  of  closed  pitchers  nearly  ready  to 
open,  gathering  into  drops,  and  trickling  toward  the  bottom  of  the 
cavity ;  we  proceed  to  NepentheSy  the  pitchei^plauts  of  the  oriental 
tropics  and  of  hot  houses,  of  which  Dr.  Hooker  has  made  a  special 
study.  Time  has  not  yet  been  secured  for  the  completion  ot*  the 
investigations ;  but  Dr.  Hooker  has  made  out  the  following  capi- 
tal points :  1.  The  rim  of  the  Nepenthes  pitchers  in  all  the  species 
examined  "  secretes  honey,"  a  lure  to  insects,  etc.;  so  also  does  the 
under  side  of  the  lid  when  this  remains  overhanging,  but  not  in 
those  species  with  lid  everted.  In  the  latter,  honey  on  the  lid 
would  tend  to  allure  insects  away  from  the  pitcher  instead  of  into 
it.  2.  Below  the  rim  is  a  very  smooth,  opaque  surface,  affonling 
no  foothold  to  insects,  and  producing  no  secretion.  3.  "Below 
this  zone  the  interior  of  the  pitcher  is  entirely  occupied  by  the  secre- 
tive surface,  consisting  of  a  cellular  floor  crowded  with  spherical 
glands  in  inconceivable  numbers.  Each  gland  precisely  resembles 
a  honey-gland  of  the  lid,  and  is  contained  in  a  pocket  of  the  same 
nature,  but  semicircular,  with  the  mouth  downward,  so  that  the 
secreted  fluid  all  falls  to  the  bottom  of  the  pitcher.  In  NeperUha 
Rafflesiana  3,000  of  the  glands  occur  on  a  square  inch  of  surface, 
and  upward  of  a  million  in  an  onlinary-sized  pitcher.  I  have  as- 
certained that,  as  was  indeed  to  be  expected,  they  secrete  the 
fluid  which  is  contained  in  the  bottom  of  the  pitcher  before  this 
opens,  and  that  the  fluid  is  always  acid."  4.  A  further  secre- 
tion of  this  fluid  is  excited  by  supplying  the  pitcher  with  animal 
matter.  "When  the  fluid  is  emptied  out  of  a  luUy  formed  pitcher 
that  has  not  received  any  animal   matter,  it  forms  again,  but  in 

comparatively  very  small  quantity I  do  not  find  that 

placing  inorganic  substances  in  the  fluid  causes  an  increase<l  se- 
cretion ;  but  I  have  twice  observed  a  considerable  increase  in 
pitchers  after  puttnig  animal  matter  in  the  fluid."  5.  This  fluid 
evidently  digests  animal  matters.  Treated  with  "  white  of  egg, 
raw  meat,  librine,  and  cartilage,"  in  all  cases  the  action  is  most 
evident,  in  some  surprising.  After  twenty-four  hoars'  immersion, 
the  edges  of  cubes  of  white  of  egg  are  eaten  away  and  the  sur- 
faces gelatinized.  Fragments  of  meat  are  ra])idly  reduced,  and 
pieces  of  fibrine  weighing  several  grains  dissolve  and  totally  dis- 
appear in  two  or  three  days.  With  cartilage  the  action  is  most 
remarkable  of  all ;  lumps  of  this  weighing  eight  and  ten  grains  are 
half  gelatinized  in  twenty-four  hours,  and  in  three  days  the  mass 
is  greatly  diminished  and  reduced  to  a  clear,  transparent  jelly." 
"  Little  action  takes  place  in  any  of  the  substances  placed  in  the 
fluid  drawn  from  pitchers  and  placed  in  glass  tubes,  nor  has  any 
followed  after  six  days'  immersion  of  cartilage  or  fibrine  in  pitchers 
of  A^  ampidlaria  placed  in  a  cold  room,  whilst  on  transferring 
the  cartilage  from  the  pitcher  oi  N.  antpullaria  in  the  cold  room 
to  one  of  N.  Rafflesiana  in  the  store,  it  was  immediately  act>^d 
upon."     From  this  it  is  conjectured  that  s(»mething  analogous  to 
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pepsine  is  secreted  by  the  pitcher  after  the  reception  of  the  aniinal 
matter. 

In  speculatiDg,  at  the  close,  upon  this  apparently  wholly  anoma- 
lous inversion  of  the  functions  of  plants  and  animals,  Dr.  Hooker 
compares  the  phenomena  he  has  been  considering  with  the  nour- 
ishment which  the  embryo  of  albuminous  seeds,  when  germinating, 
draws  from  the  deposit  which  surrounds  or  is  in  contact  with  it, 
referring  also  to  Van  Tieghem's  experiments,  in  which  an  artifi- 
cial emulsion  was  successfully  substituted  for  the  real  endosperm. 
The  analogy  is  hardly  good ;  all  plants  and  all  organs  use  organ- 
ized matter  in  their  formation  and  are  wholly  made  of  it ;  the 
growth  of  an  embryo,  a  bud  or  shoot,  and  of  a  cell,  are  alike  in 
this.  The  difference  is  that  they  feed  upon  vegetable,  not  upon 
animal  matter;  upon  matter  assimilated  by  the  plant  itself,  not 
upon  matter  further  assimilated  by  an  animal.  rJor  is  the  real 
analogy  quite  reached  in  the  comparison  with  parasitic  plants,  even 
"  flowering  plants  that  pass  through  their  lives  without  ever  doing 
a  stroke  of  the  work  that  green  plants  do."  It  is  found,  however, 
in  parasitic  plants  of  a  lower  grade  which  feed  directly  upon  ani- 
mals or  animal  matter,  living  or  dead ; — from  which  point  of  view 
these  higher  carnivorous  plants  under  consideration  may  not  only 
"  find  their  place  as  one  more  link  in  the  continuity  of  nature, 
and  be  thought  to  have  done  so  through  gradations  such  as  Dr. 
Hooker  suggests,  but  they  may  also  be  conceived  as  cases  of  far- 
reaching  atavism. 

As  these  subjects  become  matters  of  popular  interest,  the  gross- 
est misapprehensions  and  mis-statements  must  be  expected.  In 
England,  the  Graphic  leads  off  with  a  well  executed  page  of  wood- 
cuts, swarming  with  flies  and  hornets,  some  of  which  are  busy 
about  the  mouth  of  a  nondescript  Sarracenia^  having  a  curiously 
lobed  or  scolloped  lid.  The  letter-press  describes  Nepenthes  and 
CephcUotus  as  naving  "  lids  which  shut  down  upon  their  victims," 
while  Darlingtonia  "  curls  its  leaf  around  them,"  and  so  on. 

A.   G. 

1 7.  Linnean  Society  of  London, — Upon  the  retirement  of  Mr. 
Bentham,  after  twelve  or  thirteen  years  of  most  efiicient  service, 
P^o£  Allmann,  of  Edinburgh,  was  elected  president  at  the  last 
anniversary  meeting,  the  zoologists  taking  their  regular  turn. 
The  choice  is  a  happy  one.  It  is  to  be  hoped  that  the  new  presi- 
dent will  continue  the  annual  addresses  which  his  predecessor 
initiated  and  made  so  interesting  The  society  is  established  in 
the  commodious  quarters  provided  for  it  by  Government  in  the 
new  portion  of  Burlington  House,  the  apartments  of  late  tempo- 
rarily occupied  being  given  up  to  the  Royal  Society.  One  of  the 
Fellows  is  now  appointed  to  take  charge  of  the  publication  of  the 
Journal  of  the  Lmnean  Society,  the  editorial  care  of  which  had 
mainly  devolved  upon  the  late  president.  Some  changes  in  the 
by-laws  which  seem  to  have  been  required  in  order  to  secure  re- 
sponsible editorship,  and  which  were  adopted  upon  the  recom- 
mendation of  the  council,  were  yet  contested  in  a  manner  which 
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caused  the  society  to  take  legal  advice  upon  the  matter.  The 
award  of  Lord  Hatherley,  now  published,  affirms  the  validity  of 
the  new  enactment,  and  so  settles,  it  is  to  be  hoped  finally  and 
satisfactorily,  a  controversy  which,  being  wholly  of  a  domestic 
nature,  had  better  not  have  been  referred  to  in  the  scientific  joiu^ 
nals.  A.  G. 

18.  Restored  Professorship  of  Botany  at  theJardin  des  PkukUs^ 
Paris, — One  of  the  three  chairs  of  Botany  at  the  Jardin  des  PlanUs^ 
namely,  the  one  long  occupied  by  the  Jussieus,  was  suppressed 
after  the  death  of  Adrien  de  Jussiev^  in  1853,  and  a  chair  of  pale- 
ontology established  instead.  Thanks  to  the  exertions  of  Count 
Jaubert,  this  botanical  chair  has  been  reconstituted,  and  M.  Bureau 
has  been  named  to  fill  it.  M.  Maxime  Comu  succeeds  M.  Bureau  as 
a i de-naturalist e.  The  reorganized  laboratory  of  instruction  at  the 
Garden,  under  the  charge  of  these  two  active  botanists,  has  been 
in  most  successful  operation  during  the  past  season.  a.  g. 

m.   Astronomy. 

1.  On  the  Spectrum  of  CoggicCs  Comet ;  by  Dr.  Huggins. — ^The 
new  point  noticed  in  this  coinniunicatioii  was  that  the  bands  of  the 
comet  were  so  far  shifted  as  to  iiidicjite — supposing  there  really 
was  carbon  in  the  comet — that  the  relative  motion  of  the  approach 
of  the  comet  to  the  eartli  was  forty-six  miles  per  second.  The 
<'<)m(»t  really,  however,  ji])proached  the  earth  at  the  rate  of  twenty- 
four  miles  ])er  second;  and  it  was  therefore  uncertain  whether  the 
wlioie  or  part  of  the  ditference  in  this  velocity  was  due  to  the 
ni()ti<m  of  matter  within  the  comet.  The  brighter  portion  of  the 
he.hl  ofrlie  comet  was  due  evidently  to  a  laru^er  proportion  of  the 
niattiM'  iriviiiLT  a  continuous  spectrum.  It  seemed  probable,  there- 
fore' t<»  tlie  antnor  that  the  nucleus  was  solid,  heated  bv  the 
sun  and  throwing  out  matter  which  formed  the  coma  a!id  tail;  and 
part  of  tliis  was  in  a  iraseous  form,  giving  the  spectra  of  bright 
ihu's.  The  other  portion  existed  probably  in  small  incandescent 
pariiojcs;  the  polarisco|)e  showing  that  certainly  not  more  than 
one-tifth  of  the  whole  liuflit  was  reflected  solar  lijjht. — Proc,  Brit, 
Assii(\,  Xature^  Sept.  10. 

J.  Meteor ir  Iron  of  Lptique^  in  Peru  ;  by  Gustaf  Rose.— 
This  paper  was  left  completed  but  unpublished  by  its  eminent  au- 
thor, and  has  now  been  included  in  the  volume  issued  bv  the 
**  (ii»sellschaft  Naturforscheuder  Freunde  der  Berlin"  as  the  "iFest- 
schrit\''  of  its  recent  Centennial  meeting.  This  mass  of  meteoric 
iron  originally  weighed  twenty-five  pounds.  The  part  in  the 
nuisetun  of  the  I'niversity  weighs  twenty  pounds.  It  was  found 
ten  Kagues  to  the  east  of  the  village  of  Iquique  near  the  western 
bojindary  o{  the  Tampa  of  Tamarugul.  Kaimondi,  the  original 
dv'srribiM*  o\^  it,  obtained  for  the  specihc  gravity  7*86.  In  an  analy- 
i*is  by  Kamnu'ls))erg,  2*()6  per  cent  was  removed  by  a  solution  of 
4*hh»ride  ef  mercury.     The  composition  of  this  part  gave — 
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Iron  Nickel        PhoephoruB        InsoL  in  H'Cl 

2-17  0-37  0-05  0-07     =2-66 

The  nickel  and  cobalt  of  the  ioHoluble  part  was  found  to  be  15*49 
nickel  and  0*19  cobalt.  This  left  81*66  for  the  iron.  Raimondi 
found  three  pieces  of  it  to  contain  81*42,  85*61,  87*69  of  iron,  and 
18-62,  14*37,  12-38  of  nickel. 

3.  Meteorites, — A  meteorite  which  fell  near  Virba  (?)  in  Turkey 
on  the  20th  of  May  last  lias  been  described  before  the  Academy 
of  Sciences  of  Paris  by  Daubr^e.  It  has  a  grayish  silicated  ex- 
terior and  contains  numerous  grains  of  nickeliferous  iron  and  sul- 
phide of  iron.     It  contains  also  some  grains  of  chromic  iron. 

D:uibr6e  states  also  that  he  had  obtained  four  new  fragments 
of  the  meteorite  which  fell  at  Saint  Amand  (Loir-et-Cher)  in  1872. 
— L* Institute  Aug.  6. 


IV.    Miscellaneous  Scientific  Intelligence. 


1.  American  Meteorology, — Mr.  L.  Blodget,  in  a  paper  pub- 
lished in  the  Proceedings  of  the  American  Philosophical  Society, 
voL  xiv,  at  p.  150,  after  alluding  to  the  fact  that  an  easterly 
movement  in  the  general  circulation  of  the  wind  has  been  made 
certain  by  observations  on  Pike's  Peak  and  Mt.  Washington,  pro- 
ceeds to  mention  facts  that  establish  another  point  in  meteorologv: 
— that  the  extremes  of  cold  observed  at  times,  especially  over  the 
northwestern  interior  of  the  United  States,  were  not  propagated 
along  the  surface,  but  were  produced  where  they  occur,  "  as  if 
brought  down  from  the  upper  atmosphere,  or  as  if  the  result  of 
the  action  of  causes  extraneous  to  the  earth's  atmosphere."  He 
concludes  that  the  greater  number  of  winds  in  cold  weather  par- 
*  ticularly  are  winds  that  descend,  and  that  to  this  descent  most  of 
their  continued  force  is  due.     In  the  course  of  his  paper  he  says : 

"  The  descent  of  masses  of  heavy,  cold  air,  must  often  be  induced 
simply  to  till  the  void  caused  by  contraction  of  the  volume  of  air 
from  which  rain  and  snow  falL  All  along  the  belt  of  westerly 
winds  this  contraction  is  going  on,  and  this  very  rapidly  during 
all  the  colder  months.  NIoving  with  a  constant  motion  toward 
the  earth,  as  well  as  along  the  surface,  it  is  only  a  natural  vicissi- 
tude of  this  condition,  that  the  dc*scending  mass  should,  at  inter- 
vals, be  poured,  like  a  mass  of  cold  water,  over  the  lK)rder  of  the 
humid  belt,  prwlucing  the  extremes  that  so  often  appear  to  strike 
down  from  above.'*'*     ♦     *     * 

"  I  venture  to  assume,  therefore,  a  large  measure  of  influence  in 
causing  extremes  of  cold  in  these  latitudes  to  the  descending  vol- 
ume of  air  incident  to  the  shrinking  and  wasting  of  heat  and 
moisture  from  the  atmospheric  current  eastward  in  the  course  of 
traversing  the  continent.  Its  northern  border  is  perpetually  in- 
vaded by  fitful  alternations  of  displacement;  sometimes  getting 
calm  and  intensely  cold,  reducing  tlie  temperature  in  winter  to 
10°,  20®  or  30°  F.  below  z^.ro ;    and  in  spring,  when  the  general 
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accefision  of  heat  gives  a  more  free  play  of  the  forces,  a  frequent 
recurrence  of  heavy  northwest  dry  winds  poured  from  (tbove^  and 
from  the  north,  displacing  and  condensing  the  local  or  sarface 
atmosphere ;  and  tliis  overflow  is  almost  constantly  repeated  until 
the  whole  system  of  circulation  has  been  swept  beyond  our  limits 
at  the  north,  by  the  advance  of  summer.  Daring  most  of  the 
summer  months  the  rarifying  and  expanding  forces  prevail  so 
completely,  as  to  remove  all  these  phenomena  far  to  the  north,  or 
possibly  to  another  hemisphere." 

2.  Preliminary  Map  of  Centred  Colorado^  showing  the  region 
surveyed  in  1873;  primary  triangulation  by  J.  T.  Gardner; 
topography  by  G.  R.  Beohleb,  II.  Gannett  and  A.  D.  Wiusos. 
U.  S.  (ieol.  and  Geogr.  Survey  of  the  Territories,  F.  V.  Haydek, 
ir.  S.  Geologist  in  charge.  Department  of  the  Interior. — ^This  map, 
with  the  accompanying  sketch  showing  the  triangulation,  contains, 
besides  the  positions  of  rivers  and  settlements,  the  locations  of  % 
very  large  number  of  heights,  the  elevation  above  the  sea  level  of 
many  of  them,  the  lines  used  in  the  primary  and  secondary  trian- 
gulation and  the  positions  that  were  occupied  fpr  the  sur^'ey. 

The  mountain  ranges  include  the  following :  (1.)  The  Eastern  or 
Front  Hange,  in  which  stands  Long's  Peak,  14,271  feet  high,  and 
Pike's  Peak,  14,147  feet,  about  nuiety  miles  apart.  West  of  this, 
(2.)  the  Park  l^ange,  east  of  the  head  waters  of  the  Arkansas, 
containing  Mt.  Powell,  13,398  feet  high,  Mt.  Lincoln,  14,296  feet, 
and  several  other  summits  over  13,000  feet  in  height.  (3.)  Next, 
west  of  the  Arkansas,  the  Sawatch  Kange,in  which,  beginning  at  the 
north,  there  are  the  Slountain  of  the  Holy  Cross,  north  of  the  head 
waters  of  the  Arkansas,  near  latitude  39A**  and  the  meridian  of  lOG', 
1 4, 1  70  feet  high.  Massive  Mt.  14,368  feet,  Mt.  Elbert  1 4,326  feet.  La 
Plata  Mt.  14,302  feet.  Grizzly  Peak  13,315  feet,  Mt.  Hanard, 
1  1,383  feet,  Mt.  Yale,  14,151  feet,  Mt.  Princeton,  14,199  feet,  Mt 
Aiitoro,  14,245  feet,  Mt.Shavano  14,093  feet, Mt.  Ouray,  14,043 feet, 
the  last  near  the  j)arallel  of  38.**;  then  the  continuation  south 
south  west  ward  in  the  Sansjre  de  Christo  Kange,  in  which  are 
Hunt's  Peak,  12,440  feet  high,  Mt.  Kito  Alto,  12,989  feet,  Mt 
Crestoner,  14,233  feet,  the  last  near  the  parallel  of  38°  on  the 
inoritlian  of  10:)A°.  (4.)  Still  farther  west,  crossing  the  meridian 
oi  107®  near  the  parallel  of  39®,  the  J&7A- Mountains,  containing, 
beginiiini;  at  the  north  in  latitude  39®  15',  and  longitude  lu7®  10", 
St»pris  Peak,  12,972  feet  high.  Capital  Mountain,  13,992  feet.  Snow 
Mass  Mt.  13,901  feet.  Maroon  Mt.  14,000,  Gothic  Mt.,  on  theme- 
riiliau  of  107^,  12,491  feet,  Castle  Peak,  more  to  the  east  on  the 
parallel  of  39  \  14,lo6  feet.  White  Rock,  13,847,  Crested  Butte, 
12,014  feet,  Italia  Peak,  farther  east,  13,491  feet.  These  Elk 
Mountains  lie  at  the  head  of  the  San  Juan  and  Grand  Rivers,  trib- 
utaries of  the  Colorado.  The  map  registers  the  results  of  a  great 
amount  \y{  topographical  work  for  a  single  season. 

3.  Tahhaa  de.^  7\rrains  Sedimentaires ;  par  K  Renevieb, 
ProtVssor  of  Cioology  in  the  Academy  of  Lausanne;  86  pp.,  with 
a  series  of  nine  tables  in  as  many  folded  sheets.     1874  (Bull  Soc 
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Vaud.  ScL  Nat.,  Nob.  70,  71,  72).— The  tables,  which  are  the 
chief  part  of  this  important  memoir,  and  must  have  cost  the  author 
much  labor,  are  arranged  in  columns,  and  present  the  synonymy 
and  equivalency  of  the  various  subdivisions  of  the  periods  in 
geology,  with  also  the  prominent  localities  in  different  countries, 
and  the  characteristic  fossils.  They  commence  with  the  Quater- 
nary, to  which  one  sheet,  of  a  pale  yellow  color,  is  devoted.  The 
next  sheet,  of  an  ochre-yellow  color,  includes  the  Pliocene  and 
Miocene,  under  the  head  of  the  Neogen  or  Molassic  period,  for 
each  of  the  seven  subdivisions  of  which  the  names  of  a  score  or 
more  of  fossils  are  given,  and  in  other  columns,  the  localities  and 
synonymy  of  different  countries.  The  third,  of  a  bright  yellow, 
comprises  the  "  Eocene  or  Xnmmulitio  Period."  The  fourth,  of  a 
green  color,  the  Cretaceous,  under  which  fourteen  subdivisions  or 
stages  are  given  ;  and  so  on  through  the  series  to  the  first  of  the 
Paleozoic.  The  tables  will  be  found  very  convenient  as  a  help 
toward  understanding  the  names  of  subdivisions  used  in  Europe, 
and  also  in  many  other  ways. 

4.  FrantrJo»epk  Land, — ^The  land  discovered  by  the  Austrian 
Polar  expedition  under  Lieut.  Weyprecht  lies  to  the  north  of  Nova 
Zembla  over  the  meridians  58®  and  59**  and  l>etween  the  parallels 
df  80°  1 5'  and  83°,  the  latter  being  the  most  northerly  pcjint  ol>- 
served.  It  is  stated  to  be  about  as  large  as  Spitzbergen,  with 
many  fiords  and  numerous  islands  off  the  coast.  It  is  mountain- 
ous ;  the  elevation  of  the  ridges  averages  -2,000  or  3,000  feet,  and 
the  highest  smnmit  to  the  south,  named  Mt.  Humboldt,  is  5,000 
feet  above  the  sea.  Glaciers  were  of  great  extent  llie  ridges 
are  dolomitic.  Elk,  hares,  and  traces  of  foxes  and  bcfars  were 
found,  and  myriads  of  birds. 

5.  0hsereacion€9  MagneticaB  y  Meteorologu*a9  del  ^'fAegio  de 
JSelen  de  la  Compania  de  Jemis^  en  Ui  llnhana.  'Auo  Mtte^rro- 
logico  de  1872.  Small  folio.  Habana,  lii*74. — Tlie  Meteorologi<:-al 
Observatory  of  the  colh'ge  of  lielen  is  under  the  charge  of  >enor 
Benito  Vines,  S.  J.  The  observ-ations  recorded  have  evidently 
been  made  with  great  care  and  fullness.  They  are  present^rd  in 
tables  for  each  month,  with  diagrams  showing  the  changes  for 
the  month  under  the  heads:  velocity  of  the  wind,  direction  of  the 
wind,  horizontal  force,  declinometer,  hvtrrometric  state,  tension  of 
the  vapor  of  water,  thermometer  and  harr»met*-r. 

6.  Ttible  for  I>iJu(i^m  of  Alcohol. — Tlie  following  tab:e,  ec-n- 
strncted  by  Berguier.  gives  the  qua-itity  '>f  distilled  water  ue^t*- 
sary  to  reduce  alcohol  of  a  certain  kno^n  p*rrc*rntaffe  to  any 
desired  lower  degree  of  strength.  Oy#jK'«irf'  the  number  repre- 
senting the  percentage  of  ah.-ohol  in  the  iriver*  «ample  are  plji*d 
the  quantities  of  it,  and  of  wafr.  r<.'«pf<nivv!v,  neoesiary  \o  pr<>- 
duce  alcohol  of  the  percentage  indi^-ated  at  the  l^p  of  any  rtXTUZiiL 
Thus,  to  obtain  alcohol  tor  ^0^  fr»^;m  that  ^ff'^i\  the  nomr-er  *4  i* 
sought  for  in  the  first  column,  and  opposite  to  it.  undrr  tL*  oC'> 
umn  ^Required  Strength,'^  "  rO'.""  the  ntam^^r*  rf«?  is-i  1^2  i»- 
dicate  respectiTelT  the  quantities,  by  weight,  of  alcohol  of  S»«'.  azid 
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of  distilled  water  necesBary  to  produce  1,000  parte  of  alcohol  U 
80".  For  the  sake  of  convenience,  the  specific  gravities  of  e»d 
grade  are  given  \a  a  separate  columa 
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7.  Tin-bearing  country^  New  Migland,  in  New  South  Wales ^ 
Australia, — A  report  by  the  Licensed  Surveyor,  C  S.  Wilkinson, 
to  the  Surveyor  General,  dated  July  14,  1873,  contains  the  follow- 
ing among  its  statements.  The  region  described  lies  within  a 
radios  of  about  twenty-five  miles  from  Inversell  to  the  soutli  and 
east.  The  principal  tin  mines  are  on  Cope's  Creek,  Middle  Creek 
and  Macintyre  River.  The  rocks  are  granites,  greenstone  trap, 
Carboniferous  beds,  Miocene,  Pliocene  and  Quaternary. 

The  Quaternary  includes  drift  deposits.  On  the  Macintyre  val- 
ley the  stratified  drift  is  in  terraces  of  various  heights  above  the 
river.  Rev.  W.  B.  Clarke  states  that  he  has  traced  some  of  this 
drift  at  great  heights  above  the  valley  for  more  than  eiglity  miles. 
They  are  evidently  the  work  of  the  waters  from  the  melting  glacier 
and  those  of  the  continued  floods  during  the  time  of  high  latitude 
depression  of  (in  the  northern  hemisphere,  at  least)  the  Champlain 
period. 

The  Pliocene  of  the  region  includes  extensive  basaltic  outflows. 
The  Tertiary  abounds  in  stems  and  leaves  of  plants  of  the  genera 
Laurus^  CinnaTnomum^  Daphnogene^  and  others,  which  are  re- 
ferred to  the  Lower  Miocene,  M'Coy  finding  some  species  closely 
like  those  of  Oeningen  and  of  the  vicinity  of  Bonn. 

The  Carboniferous  beds  are  of  the  same  age  with  those  of  the 
Hunter. 

Stream  tin  is  found  in  the  Drift,  and  also  in  the  Miocene ;  and 
valuable  veins  of  tin  ore  occur  in  the  granite.  The  granite  is 
stated  to  be  closely  like  that  of  Cornwall,  and  is  pronounced  of 
Upper  Carboniferous  age. 

The  amount  of  tin  ore  raised  during  1872  was  about  800  tons. 
The  tin-mining  region  of  Inversell  is  but  a  small  portion  of  the 
stanniferous  country  of  New  South  Wales  and  Queensland. 

8.  Tortoises  of  Mauritius  closely  related  to  those  of  the  Gala- 
pagos^ places  that  are  nearly  antipodes  to  one  another. — Dr.  A. 
Gtlnther,  in  a  memoir  on  "the  Living  and  Extinct  Races  of 
Gigantic  Land-Tortoises,"  Parts  I  and  II  of  which  have  been 

Sublished,  states  that  there  are  remains  of  gigantic  Tortoises  on 
[anritius  and  the  neighboring  island  of  Rodriguez  associated 
with  those  of  the  Dodo  and  Solitaire,  which  indicate  that  the  races 
have  only  recently  become  extinct.  They  differ  from  other  Tor- 
toises of  the  region  in  having  a  fltit  cranium  and  truncated  beak, 
and  in  this  respect  they  have  the  greatest  affinity  with  the  tortoises 
still  inhabiting  the  Galapagos  Archipelago.  Dr.  Gtlnther  ob- 
serves that  the  presence  of  these  allied  tortoises  at  points  so 
remote  from  one  another  can  be  accounted  for  only  on  the  view 
that  they  are  in  each  ca^e  indigeiious, — Aim,  Mag,  Nat,  Hist^ 
xiv,  311,  Oct.,  1874. 

9.  The  Journal  of  the  Franklin  Institute^  Philadelphia. — The 
August  number  of  this  excellent  journal  contains  a  paper  by  Prof. 
S.  P.  Langley,  on  the  external  aspects  of  the  Sun, — its  photo- 
sphere and  spots,  its  chromosphere  and  corona,  which  is  a  valu- 
able review  of  this  whole  subject,  as  viewed  by  an  astronomer  who 
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had  himself  made  original  observations  on  the  subject.  It  is  illas- 
trated  by  a  plate  of  one  of  the  sun-spots,  which  is  as  wonderfully 
well  executed  as  the  spot  is  marvelous  in  itselt 

This  scientific  monthly,  devoted  to  physics  and  practical  ehem- 
try,  as  well  as  mechanical  science,  is  npw  edited  by  Pro£  George 
F.  Harker  (Professor  of  Physics  in  the  University  of  Pennsylva- 
nia), and  could  not  be  in  better  hands. 

10.  IVansactiofis  of  the  Wisconsin  yic(idemy  of  ScienceSy  Arit^ 
and  Letters,  Madison,  }yisco7isin ;  vol.  ii,  1873.  254  pp.,  J?vo.— 
Among  the  papers  yi  this  volume  are  the  following:  K.  Irving, 
on  some  points  in  the  geology  of  northern  Wisconsin ;  P.  R.  Hoy, 
on  some  peculiarities  in  the  fauna  near  Racine ;  W.  W.  Daniels, 
on  the  rapidity  of  the  absorption  of  arsenic  by  the  human  liver; 
T.  C  ChaTuberliii,  on  some  evidences  bearing  upon  the  method  of 
the  upheaval  of  the  quartzites  of  Sauk  and  Columbia  Counties, 
and  on  fluctuations  in  the  level  of  the  same  quartzites;  R.  Irving, 
on  the  junction  of  the  Primordial  sandstones  and  Huronian  schisU 
in  Wisconsin,  and  on  the  occurrence  of  gold  and  silver  in  quartz 
from  Clark  County. 

Dr.  J.  W.  lloyt,  of  Madison,  is  president  of  the  Academy. 

1 1.  Cincinnati  Qtuirterly  Journal  of  Science. — ^The  number  for 
October,  the  last  of  the  first  volume,  contains  descriptions  of  new 
species  of  inollusks  from  the  Cincinnati  group  by  the  Editor  J.  A. 
Miller;  a  paper  on  other  species  from  the  same  group  by  U.  P. 
James ;  also  descriptions  of  new  species  of  LichenocrinuSj  Gljffh 
tocrifvts  and  Beyrichia,  besides  other  papei-s  of  interest. 

OBITUAUY. 

^r.  Klik  he  Bkaimont. — On  the  '24th  of  September  died  Elie 
de  lU'iuunont,  tho  eminent  geologist,  and  long  the  "  Secretaire 
PcM  |)c«i\ier'  of  tlie  Aca^lemy  ot  Sci(Mices  of  Paris.  Born  on  the  25th 
of  Sej)teniber,  1795,  he  entered  tlie  Polytechnic  School  in  1819,  and 
leaving  it  witli  thi*  liighost  honors,  entered  the  Ecole  des  Mines  in 
1821.  He  became  Professor  m  the  Keole  des  Mines  in  1829,  Pro- 
fessor in  tlie  College  <le  France  in  1832,  Engineer  in  Chief  of  Mines 
in  1833,  Ins|)ector-Ceneral  of  Mines  and  Member  of  tlie  Academy 
of  Sciences  in  1835,  its  Perpetual  Secretary  in  1853  in  place  of 
Araijo,  Senator  in  1854,  and  Grand  Officer  of  the  Lejjion  of  Honor 
in  IHOO. 

Dr.  Frikdricii  Hkssenbekg  died  in  his  native  city  of  Frank- 
fort, on  the  8th  of  last  Jnly.  A  jeweler  by  trade,  he  yet  found 
time  to  devote  to  his  favorite  science  of  mineralogy,  and  though 


portunt  contributions  ever  made  to  the  science. 

Half -hour  Recreations  in  Popular  Science,  Dana  Estes,  Editor,  No.  12.  Th« 
Circulation  of  tlie  Waters  on  the  Surface  of  the  Earth,  by  H.  W.  DoVe.  BostOT, 
1874. 
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Abt.  XXXV. — Review  of  von  SeebaMs  Earlhauake  of  March 
6A,  1872,  in  Central  Oermany  ;*  by  Ben  K.  Emerson,  Prof, 
of  Greology  in  Amherst  Collega 

The  Neapolitan  Earthquake  Report  of  Robert  Mallet  marks 
an  epoch  in  the  history  of  earthqaakie  investigation.  Although 
the  view  first  casually  advanced  by  Dr.  Youngf  and  definitely 
stated  by  G-ay-LussaCfi^  that  an  earthquake  is  *^  a  very  strong 
sonorous  wave,"  had  been  elaborated  twenty  five  years  before 
by  Mallet  himself  in  a  Memoir  on  the  Dynamics  of  Earth- 
qnakes,§  and  by  William  Hopkins  in  his  celebrated  Report  on 
tne  Theories  of  Elevation  and  Earthquakes,!  and  although 
methods  for  finding  analytically  the  depth  of  the  center  of 
disturbance  from  seismometric  observations  had  been  given  in 
both  these  papers,  and  later  in  Mallet's  Earthquake  Reports,  yet 
the  remark  of  Hopkins,  that  "  the  roughest  approximation  to 
the  position  of  the  focus  from  which  such  vibrations  proceed 
would  constitute  a  very  important  geological  element,"  re- 
mained as  true  in  1872  as  in  1847,  when  it  was  written.  In 
the  quarter  century  which  intervened  between  these  two  dates, 
immense  labor  was  bestowed  upon  earthquake-catalogues  by 
Mallet,  Perrey  and  others,  and  upon  the  discussion  of  these  to 
determine  geographical  lines  or  areas  of  disturbance,  periodicity 
in  relation  to  the  seasons,  the  phases  of  the  moon,  &c. :  and  it 

♦  Dad  mittelbeutfc^e  Grbbebcn  »om  6.  3)?dr5,  1872.    Gin  ©dtrag  ju  ber  Ce^rc  ©on 
ben  Srbbeben  )}on  5!arl  «on  <BnhQi<ii. 

Lecturos  on  Natural  Philosophy,  vol.  i,  p.  717,  1807. 

Annal.  de  Chim.,  vol.  zzii,  p.  428. 

Proc.  R.  1.  AcacL,  vol.  ivi,  1846.  |  Brit  Assoc.  Rep.,  1847. 
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^  j-toite  m  Germany. 

gf.i^"'^        y //H&nnation   had  been  very 

*"  th>'  *""«•'''  ™'**'  ^8  ^'I'i   ^  *   purely 

J/  ^^  '^V'/  "^jiAtfi    The  Earthquake  Reports  of 

*^ts>^^t<-^'^"'^^<i^  to  render  this  possible,  es- 

J'JU"'TjJ5i*'' 'f'"r'»^o™^*^i  ^y  ^^  beautiful  mathe- 

S^  irrf^"- J'l'^  ^^^  of  greatest  intensity,  the  the- 

ft«>'^^H^''''^foca^  from  the  time  of  shock  at  three 

^^  ^M  J^fl!  (ieries  of  experiments  on  the  transit 

e/^^id  ^f'^fftres,  produced  by  the  explosion  of  gnu- 

^rfr  ^  '**'«Drf  aod  in  both  compact  and  jointed  granite 

ftjT^I  >"  '""f  (B*!  "1  quartzite  and  schist  at  the  government 

^fgilli"/ ^^'ybi^'  North  Wales. J     It  was  eminently  fitting 

g^i^ '' Ij  write  the  ti rat  treatise  on  the  principles  of  obser- 

L(  An  ^^hgyi  and  give  the  first  illustration  of  their  use 

^jiji)''*^;^^  the  element.'*  of  an  earthquake:  its  true  transit 

ijid^^^lfay"  velocity,   ci{.n)th  of  the  "centrum,"   or  region 

f«j(^'^  jjopulse  origioatea,  the  position  of  the  "  epicentrum" 

irfc^*Jg^ic  curves. 

'"^vn^i^  no  earlier  attempts  to  determine  any  of  these  ele- 

^    aaepi  the  early,  verv  imperfect  ones,  by  Milne,  of  the 

J»*5  arthquakea  of  1755  and  1761  ;§  by  Cr.  B.  Trask,  of 

^^ }>B.,  1857,  in  California;!  and  two  by  Julius  Schmidt 

^Ae  c<u^I><l^i&ke  at  St   Ooar  on  the  Rhine,^  and  that  of 

y^gftiK  hola  in  Hungary,**  where  by  application  of  the  calcn- 

In5  the  velocity  of  transit  on  the  earth's  surface  was  determined. 

The  method  employed  by  Mnllet  for  the  Neapolitan  earth- 

-oake  of   1857tt   was  baaed  on   the  fact  that  the   prinL'i}«tl 

fftcks  found  in  buildings,  walls,  &;c.,  would  be  normal  to  the 

direction  of  the  wave  at  the  point  where  they  were  formed. 

jl^nes  drawn  perpendicular  to  these  planes  would,   therefore, 

intersect  in  the  focus  or  "centrum,"  assuming  it  to  be  a  point 

or  sphere  of  small  diameter,  and  the  azimuth  of  these  lines 

would  intersect  on  the  earth's  surface  at  the  "  epicentrum,"  or 

point  directly  over  the  focus,  the  inclination  of  these  two  sets 

of  lines  to  each  other  giving  the  angle  of  emersion  for  each 

place  of  observation.     Further,   the  angle   of  emersion   thus 

Known,  the  velocity  of  vibration  of  the  wave  was  obtained  by 

calculation  from  the  distance  to  which  bodies  of  known  weight 

•  Brit.  Abboc.  Rep.,  1850,  '61  '52,  '65,  '68. 

{Second  Kep,  of  Earthquake  Phenomena,  Rep.  BriL  Assoc,  1S5I. 
Aocoimt  of  eiperimontB  made  ai  Holyhead  to  aBcertaic  the  transit  velociCj  of 
wtiTes  analogous  to  eartliquBke  wavee  through  local  rock  fonnations,  Phil.  Tranl., 
1861,  p.  6SS. 
§  Bd.  Phil.  Jour.,  ¥ol.  mi.  |  This  Jour.,  1858,  uv,  p.  146, 

*li  Das  Erdbelien  von  29  Jul!,  1846,  im   Rhemgebiel  von  Dr.  Jakob  Ndggeruh. 
••  Dntersuchungen  iiber  dem  Erdbeben  am  15  Jan.,  1S58,  J.  F.  Schmidt,  4^ 
tionom.  Athen. ;  Mit.  d.  E-k.  Geogrsph.  GeselL,  lu  Wien.  1868. 

ft  The  Great  N'eapoUtaii  Earthquake,  or  the  Priodplea  of  ObservalioDil  Seia- 
molog7,  3  Tola. 
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were  projected,  or  by  the  d^ree  of  resistance  overcome  in  form- 
ing cracks,  as  determined  by  separate  experiments.  The  results 
obtained  by  Schmidt  and  Mallet,  together  with  the  results  of  the 
latter's  experiments  on  transit  velocity  in  various  rocks,  are 
brought  together  below  in  comparison  with  the  numbers  ob- 
tained by  the  method  we  are  reviewing,  the  whole  including 
all  the  reliable  numerical  results  for  earthquake  elements  thus 
fitfpublished. 

The  middle-German  earthquake  of  the  6th  of  March  had  its 
center  (epicentrum)  about  halfway  between  Erfurt  and  Coburg, 
and  was  felt  in  a  region  bounded  approximately  by  a  line 
p«issing  through  the  cities  of  Berlin,  Breslau,  Begensburg, 
Tubingen,  Frankfort  and  Brunswick.  The  zone  of  greatest 
intensity  was  south  of  a  line  passing  between  G-era  and  Alten- 
burg,  but  large  objects  were  nowhere  overthrown,  and  few  fis- 
sures were  formed  in  walls  and  buildinga     The  method  of 


Mallet  was,  therefore,  not  applicable,  but  the  author  employs 

)y  Schmidt  to  determine  the 
surface  velocity,  and  here  for  the  first  time  carried  out  in 


instead  a  method,  already  used  by  Schmidt  to  determine  the 


detail.  This  method  is  based  upon  accurate  determinations  of 
the  time  of  shock  for  the  greatest  possible  number  of  localities 
within  the  region  affected,  and  for  this  purpose  the  author  pro- 
ceeded inmiediately  to  collect  from  perioaicals,  from  railroad 
and  telegraph  officials,  from  astronomical  and  physical  obser- 
vatories, and  from  other  sources,  all  notices  of  the  time  of  shock. 
These  notices,  with  all  the  facts  reported  concerning  the  earth- 
quake, are  given  in  full — arranged  geographically  with  their 
authorities — in  the  first  part  of  the  work  (pp.  5-103).  The 
times  were  then  reduced  to  Berlin  time,  taoulated,  and  dis- 
cussed under  the  assumption  that  the  difference  in  transit 
velocity  resulting  from  the  different  conducting  power  of  dif- 
ferent strata,  and  the  irregular  distribution  of  fissures,  joints, 
&C.,  would,  for  large  distances,  counteract  each  other  and  result 
in  a  velocity  approximately  uniform.  Under  this  assumption, 
which  seems  fully  justified  by  the  result,  that  portion  of  the 
vibrations  which  reach  the  surface  of  the  earth  would  form 
concentric  widening  circles,  and  all  points  on  each  circle  would 
be  shaken  at  the  same  instant  These  are  the  isoseistic  curves 
of  the  author  (coseismic  curves,  Mallet). 

If,  then,  a  perpendicular  be  drawn  from  the  middle  of  a 
chord  connecting  two  such  points  (points  shaken  at  the  same 
absolute  time,  and  thus  lying  in  the  same  isoseistic  circle),  it 
would  pass  through  the  epicentrum,  and  the  intersection  of 
several  such  perpendiculars  would  determine  the  position  of 
this  epicentrum.  This  method  was  applied  as  follows.  From 
the  149  observations  of  time,  those  from  the  astronomical  ob- 
servatories oi'  Oottingen  and  Leipzig,  being  coincident  in  time 
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and  most  trustworthy,  were  taken,  and  upon  a  large  and  accu- 
rate map  these  towns  were  united  by  a  straight  line,  and  aper- 
pendicular  erected  from  the  middle  of  the  same.  Then,  Eger 
and  Halle  coinciding  also  in  time,  and  deserving,  from  the  char- 
acter  of  the  observer  in  one  case,  and  from  the  agreement  of 
diflTerent  observers  in  the  other,  the  highest  confidence,  were 
chosen,  and  in  the  same  way  a  perpendicular  was  erected  from 
the  center  of  the  line  uniting  them.  These  perpendiculars  cut 
each  other  near  the  village  of  Amt-Gehren  (lat  50®  38'6'  N. ; 
long.  8°  41*25'  E.  of  Paris)  and  fix  the  place  of  the  epicentrum. 
In  order  to  establish  this  more  firmly,  the  author  proceeds  to 
discuss  the  remaining  observations,  and  to  construct  isoseistic 
curves  for  each  minute.  The  earliest  reported  time  is  Sh.  55m. 
p.  M. — reported  fix)m  twelve  localities.  Of  these,  several  are 
proved  to  be  false  by  their  relation  to  the  accurate  determina- 
tions of  Gottingen-Leipzig  and  Eger-Halle.  Nevertheless,  five 
lie  in  a  circle  whose  center  is  at  Amt-G^hren,  and  give  thus 
the  isoseistic  curve  for  8h.  55m.  In  this  way  the  curves  for 
each  minute  up  to  the  limit,  Breslau,  4h.  5m.  25a,  are  deter- 
mined (plate  it),  each  curve  when  fully  established  uniting 
three  or  more  places  which  reported  the  same  time,  and  aU 
having  a  common  center  at  Amt-Gehren.  As  a  result  of  the 
observations  which  deserve  any  confidence,  above  40  per  cent 
point  directly  to  the  same  spot,  a  degree  of  accuracy  far  greater 
than  could  have  been  expected. 

For  the  determination  of  the  true  transit  velocity,  the  depth 
of  focus,  and  the  time  of  initial  impulse  at  the  focus,  a  very 
beautiful  graphic  method  is  introduced.  If  <  =  the  time  of 
shock,  and  a  =  the  distance  from  the  epicentrum,  of  a  given 
locality,  m,  a  short  algebraic  discussion  obtains  the  equation 
for  a  hyperbola,  wherein  these  values  a  and  t  =  the  axes  of 
abscissas  and  ordinates.  Laying  off,  then,  miles  (a,  a\  a")  on 
the  axis  of  abscissas,  and  minutes  (^  <',  i!^  on  the  axis  of  ordin- 
ates for  each  given  locality  (m,  m\  m",  &c.),  these  latter  must 
describe  a  hyperbola.  The  degree  of  accuracy  with  which  they 
do  this  gives,  in  the  first  place,  an  indication  of  the  degree  of 
accuracy  of  the  determinations  of  time  and  the  proper  correc- 
tion for  each,  and  furnishes  a  means  of  controling  the  determin- 
ation of  the  epicentrum  given  above.  If  this  hyperbola  be  thus 
drawn  on  profile  paper  in  large  scale,  we  can  read  oflf  directly 
the  true  transit  velocity  =  the  number  of  units  on  the  axis  of 
abscissas  (miles)  measured  ofi"  by  the  curve  in  passing  over  one 
unit  on  the  axis  of  ordinates  (minutes).  For  the  earthquake 
under  discussion  this  equalled  24  nautical  miles  per  minute,  or 
742  meters  per  second.  The  center  of  the  hyperbola,  or  the  point 
at  which  the  asymptote  prolonged  cuts  the  axis  of  ordinates, 
gives  <°,  i.  e.,  the  time  of  the  initial  shock  at  the  centrum,  and 
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the  distance  of  this  point  from  the  focus  of  the  hyperbola  gives 
the  time  occupied  by  the  wave  in  passing  vertically  from  the 
center  or  origin  of  the  shock  to  the  surface  of  the  earth.  The 
latter  value  multiplied  by  the  mean  transit  velocity  already 
obtained,  gives  the  depth  of  the  "  centrum"  in  miles. 

The  first  of  these  constants  {t^) — the  time  of  the  initial  shock — 
is,  in  this  case,  easily  determined  by  drawing  the  hyperbola ; 
the  second,  however — the  distance  of  the  center  of  the  hyperbola 
from  its  focus — is  not  attainable  from  the  lack  of  observations 
near  the  epicentrum.  The  method  fails  here  only  from  lack  of 
observations,  and  not  from  anything  inherent  in  itself.  In  this 
case  the  author  employs  the  method  of  Mallet,  and  calculates 
the  depth  of  center  oi  shock  from  the  direction  of  cracks  pro- 
duced in  buildings  in  the  most  violently  shaken  portion  of  the 
earthquake  area,  and  reaches  the  conclusion  that  "  the  depth  of 
the  true  focus  ("centrum")  of  the  earthquake  of  March  6, 187., 
may  have  equalled  in  minimum  7*76  nautical  miles  =14,360 
meters,  in  maximum  11*64  n.  m.  =21,470  meters;  the  mean 
depth  being  9*68  n.  m  =19,860  m.     This  completes  the  second 

fart  of  the  work  (pp.  104-170);  and  in  a  third  part  (pp. 
71-188),  the  author  collects  his  results  and  compares  them 
with  those  obtained  for  other  earthquakes  by  Mallet  and 
Schmidt,  calculating,  by  the  method  employed  above,  the  con- 
stants, not  obtained  by  these  writers,  from  the  data  given  by 
them. 

Depth  of  the  Center. — The  author  compares  the  depth  of  cen- 
ter OI  the  Neapolitan  earthquake,  as  given  by  Mallet,  with  the 
result  obtained  above,  draws  in  plate  ii  the  hyperbola  for  the 
Rhenish  earthguake  of  29th  July,  1864,  from  numbers  given  by 
Julius  Schmiat,  and,  in  plate  iii,  that  for  the  earthquake  of 
Vetema  hola,  using  data  supplied  by  the  same  author.  The 
four  results  are  tabulated   below,  and  give  all   the  data   at 

S resent  known  for  the  depth  of  center  of  earthquakes.     The 
epths  are  in  nautical  miles. 

Locality.  Dat«.  Calcnlator.  Mean.      Maxlmmn.  Mlnimnm. 

Middle  Gtormany,  6  Mar.,  '72,  v.  Seebach,  9*68         11*68  7  76 

Naples,  '58,  Mallet,  11-765          8125  2*75 

Bhineland,  29  July,  '64,  v.  Seebach,  24*  20*93 

Veterna  hola,  15  Jan.,  '58,  v.  Seebach,  17*  (?)  14*16(?) 

Intensity. — The  intensity  at  the  earthquake  center  of  the 
shock  or  blow  which  caused  the  vibrations,  is  here  sought  In 
passing  out  from  this  center  the  intensity  of  vibration  must 
grow  less  as  the  square  of  the  distance  from  that  center.  And 
at  the  outer  limit  of  the  shaken  region  the  intensity  of  the 
vibrations  is  approximately  the  same  for  every  earthquake, 
because  this  outer  limit  is  determined  by  the  observations  of  a 
great   number   of  individuals,  and    indicates   only  the   point 
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where  the  vibrations  cease  to  be  perceptible  to  the  senses, 
which  would  be  when  they  had  been  weakened  to  a  certain  low 
constant  intensity.  The  initial  intensity  would  then  be  pro- 
portional  to  the  square  of  the  distance  from  the  center  to  this 
outer  limit     Calculated  thus,  the  relative  intensity  is : 

Middle  Germany,  3805*2 

Naples,  1252-6 

Rhmeland,  •1577-S 

Yetema  hola  (Hungary),  1612*5 

It  follows  that  the  intensity  of  an  earthauake  is,  as  a  rule,  pro- 
portional to  its  area,  and  that  earthquakes  of  great  intensity 
and  limited  area  originate  at  a  comparatively  small  distance 
below  the  surface. 

Transit  Velocity. — The  true  average  transit  velocity  of  the 
four  earthquakes  under  discussion,  as  found  by  the  author,  are 
given  in  the  table  below,  together  with  the  results  obtained  ex- 
perimentally by  Mallet,  at  Killiny  Bay  and  Holyhead,  for  the 
real  transit  velocity  in  different  rocks  by  the  explosion  of  mines 
of  powder. 

Meters  per  second.       Intenatty. 

Middle  Germany,  742*0  3505*2 

Naples,  259*7  1252*6 

Rhmeland,  567*6  1577*8 

Hungary,  206*  (?)  1612*5 

In  wet  sand,  261*4 

"  granite  much  jointed,  398*16 

"  compact  granite,  507*36 

''  quart zite  and  schist,  379*16 

One  of  the  results  of  Mallet's  experiments  at  Holyhead — that 
the  transit  velocity  increases  with  an  increase  in  the  intensity 
of  the  initial  shock — is  brought  out  clearly  by  the  comparison 
in  the  table  above  of  the  initial  intensity  with  the  transit  ve- 
locities of  the  first  three  earthquakes  discussed. 

The  form  of  the  Centrum. — One  of  the  most  interesting  and, 
at  first  sight,  most  startling  deductions  of  the  author,  relates  to 
the  form  and  position  of  the  area  in  which  the  shock  originated. 
If  this  area  had  been,  as  has  been  heretofore  assumed,  spherical 
and  of  small  dimensions,  the  region  of  most  violent  action  (in 
overturning  buildings,  &c.)  would  have  been  in  a  circle  around 
the  epicentrum  whose  radius  would  have  been  8 '8  nautical 
miles.  This  is  deduced  from  an  interesting  theorem  given  by 
Mallet*  The  vibrations  reaching  the  earth  at  the  epicentrum 
will  have  of  course  the  greatest  intensity,  but  the  norizontal 
component  will  then  be  zero,  and  as  one  passes  out  from  the 
epicentrum,  although  the  intensity  of  the  vibrations  diminishes, 

*  Brit  Assoc.  Rep.,  1868,  p.  101. 
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the  horizontal  componeat  increases  more  rapidly,  and  thus  the 
zone  of  maximum  disturbance  will  be  in  a  circle  at  some  dis- 
tance from  the  epicentrum,  its  position  being  expressed,  for  a 
homogeneous  perfectly  elastic  medium,  by  the  equation  : 

a:h:r=l:r2:rS. 

a=radius  of  circle  of  maximum  disturbance, 

A = depth  of  centrum, 

r=distance  from  centrum  to  circle  of  maximum  disturbance. 

The  zone  of  greatest  disturbance  in  the  earthquake  under 
discussion  was  found  by  observation  not  to  fulfill  these  condi- 
tions, but  to  be  a  short  curved  band  at  a  distance  of  forty  nau- 
tical miles  to  the  N.W.,  and  lying  not  concentric  but  radial  to 
the  epicentrum.  In  explanation  of  this  anomaly  the  author 
makes  the  same  assumption  concerning  the  shape  of  the  cen- 
trum which  was  made  by  Mallet  concerning  that  of  the  Neapo- 
litan earthquake,  and  which  seems  a  priori  the  most  probable, 
namely,  that  it  would  be  a  fissure  in  the  earth's  crust,  and 
would  be  a  plane  and  not  spherical.  If  now  this  plane  be 
placed  at  an  oblique  angle  to  the  horizon,  the  vibrations  will 
have  a  greater  intensity  in  a  direction  normal  to  the  length  of 
the  surface,  and  on  the  other  side  of  the  plane  the  direction  of 
greatest  intensity  would  be  toward  the  interior  of  the  earth, 
and  the  zones  of  equal  intensity  would  be  elliptical,  as  they  are 
seen  to  be  partially  in  plate  i.  If,  then,  a  line  be  drawn  from 
this  area  of  greatest  disturbance  to  the  centrum,  the  plane  of  the 
latter  must  be  normal  to  the  lina  This  fixes  the  dip  and  strike 
of  the  fissure  whence,  and  possibly  by  the  formation  of  which, 
the  shock  originated.  We  give  the  result  in  the  author's  own 
words.  "  The  centnim — the  focus  of  the  earthquake  of  March 
6,  1872,  lies  near  Amt-Gehren,  9*6  nautical  miles  beneath  the 
earth's  surface,  and  is  most  probably  a  fissure,  which  strikes 
N.N.W.  and  S.S.E.,  is,  however,  of  only  slight  horizontal  ex- 
tent This  fissure  is  not  vertical,  but  dips  E.N.E.  into  the 
interior  of  the  earth." 

We  have  sought  to  give  a  clear  resume  of  the  contents  of 
this  valuable  work,  both  of  the  methods  employed  and  the 
results  obtained.  We  should,  however,  wish,  with  the  author, 
that  these  results,  though  in  themselves  valuable  and  instruc- 
tive, should  be  taken  rather  as  an  illustration  of  a  new  and 
valuable  method,  which  is  especially  applicable  where  Mallet's 
could  not  be  used — in  regions  visited  by  earthquakes  of  slight 
intensity  and  wide  extent,  as,  possibly,  for  the  regions  whose 
centers  lie  near  Montreal  and  Portsmouth,  N.  H.,  and  certainly 
for  California.  For  the  latter  region  especially,  the  ease  and 
rapidity  with  which,  by  this  means,  all  the  elements  of  an 
earthquake  may  be  obtained,  should   enforce   the  important 
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recommendation  made  by  Professor  Whitney*  to  the  natural- 
ists of  that  State,  that  an  important  field  for  scientific  research 
is  here  opened  to  them — the  erection,  namely,  at  suitable  local- 
ities, of  simple,  inexpensive  and  permanent  seismometers,  like 
those  descrioed  by  Mallet  in  the  Admiralty  Manual,  and  rede- 
scribed  in  the  work  under  review  with  important  simplifica- 
tions, which  would  enable  one  to  give  for  each  station  — with 
but  moderate  expense  for  erection,  and  none  for  maintenance 
of  instruments — the  exact  time  and  intensity  of  each  shock. 

It  seems  not  too  much  to  hope,  with  the  author,  "  that  here- 
after no  earthquake  will  visit  a  civilized  region  without  the 
attempt  being  made  to  discover,  by  the  method  here  proposed, 
which  would  require  for  its  application  but  a  few  hours  time, 
its  geologically  important  elements." 

Note. — ^The  work  of  Professor  v.  Soebach  is  already  bearing  fruit  in  Grermanj, 
and  the  earthquake  of  2 2d  Oct,  1873,  in  the  northwest  portion  of  the  Rhine  Ptot- 
inces  and  the  adjacent  parts  of  Belgium  and  Holland,  the  most  violent  of  a  long 
series  extending  through  the  months  Sept-Dec.,  is  to  be  the  subject  of  a  similar 
investigation  at  the  hands  of  A.  v.  Lasaulz. — Jahr.  f.  Mm.,  1874,  p.  167. 

[Dr.  von  Lasaulz's  admirable  paper  has  already  appeared,  at  Bonn,  and  is 
noticed  in  this  volume,  at  page  392. — EDa 


Art.    XXXVI. — A  Jet  Aspirator  for  Chemical  and  Physical 
Laboratories ;  by  Prof.  Egbert  H.  Eichards. 

During  the  winter  of  1868-9  I  was  called  upon  by  Pro- 
fessor Storer  to  put  up,  in  the  chemical  laboratory  of  the 
Massachusetts  Institute  of  Technology,  the  aspirator  which 
has,  quite  commonly,  gone  by  the  name  of  the  Bunsen  filter 
pump.  Some  experiments  were  made  to  ascertain  the  best 
form  of  filter  pump,  the  results  of  which  may  be  found  in 
the  London  Chemical  News  for  Aug.  12,  1870. 

This  aspirator  (as  all  who  have  used  it  are  aware)  relies 
upon  the  column  of  water  which  has  passed  through  it  for  its 
power,  and  there  are  two  main  conditions  of  its  success.  1. 
The  slower  the  water  is  fed  to  it,  the  greater  will  be  its  power. 
2.  The  column  of  water  which  performs  the  work  dates  from 
the  aspirator  downward  to  the  point  of  outlet  The  longer 
this  column,  the  greater  will  be  tne  power  of  the  aspirator. 

While  working  at  Bunsen's  filter  pump  it  occurred  to  me 
that  the  great  force  of  water  which  is  fed  to  the  building  from 
the  hydrant  (which  was  entirely  lost  in  Bunsen's  and  Spren- 
gel's  apparatus)  ought  to  be  made  available.  Accordingly,  I 
looked  up  the  subject  in  the  winter  of  1870-71,  to  see  what 
had  been  done  in  the  way  of  jet  pumps,  etc.  GiflFard*s  injector 
was  the  most  perfect  and  accurately  described  of  anything  that 
was  found. 

*  ^.  A..  Bevifiw^yol.  cviii,  p.  518. 


a.  H.  Richards — Jet  Aspirator  for  Lahoratories.         413 

In  Ew bank's  Hydraulics  I  found  quite  a  number  of  jet  ar- 
rangements, none,  however,  which  m  any  way  touched  the 
problem  which  was  before  me,  L  a,  to  draw  air  by  means  of  a 
pressure  of  water  drawn  from  a  hydrant  A  jet  pump  was 
then  made  somewhat  of  the  form  presently  to  be  described,  but 
which  received  its  water  supply  from  the  side  tube  A,  fig.  1,  and 
drew  the  air  in  through  the  central  tube  L 

With  this  form  of  aspirator  the  air  was  rarefied  to  about  one- 
half  its  normal  density,  880mm.,  but  the  instrument  used  an 
enormous  quantity  of  water  (and  Boston  water  rates  are  high), 
and  it  was  found  to  be  a  matter  of  the  greatest  nicety  to  adjust 
the  tube  I  in  order  to  obtain  any  aspiration  at  all.  For  these 
reasons,  after  a  number  of  trials  it  was  abandoned. 

Quite  a  number  of  instruments  were  then  made  to  ascertain 
whether  water  fed  through  the  central  tube  I  would  draw  air, 
but  in  every  case  the  water  came  in  in  the  form  of  a  fine  jet, 
and  entirely  failed  to  bring  with  it  the  air. 

The  idea  then  occurred  to  me  that  if  some  means  could  be 
devised  to  break  up  this  jet  into  foam  it  could  not  fail  to  carry 
the  air  along  with  it  and  produce  the  exhaustion  desired. 
Accordingly,  in  the  autumn  of  1871,  an  aspirator  of  the  same 
form  as  Ginard*s  injector  was  made  and  placed  in  an  inverted 
position,  fiff.  2.  The  jet  at  first  was  broken  into  spray  at  i,  and 
returning  downward  to  y,  it  converted  the  whole  water  jet  into 
foam,  and  the  instrument  was  a  complete  success.  However, 
this  form  was  difficult  to  make,  and  as  its  principle  had  been 
attained,  it  remained  to  find  a  simpler  shape  which  should  pro- 
duce the  same  result  The  zig-zag  bends  now  used  were  hit 
upon  and  proved  entirely  successful,  and  the  form  was  so  sim- 
ple that  no  further  changes  were  sought  This  form  was  per- 
fected during  the  winter  of  1872-3  and  was  shown  before  the 
Society  of  Arts  at  Boston,  in  April,  1878. 

Since  the  middle  of  July,  1874,  I  have  tried  a  number  of  ex- 
periments with  a  view  to  ascertain  the  best  form  of  the  aspira- 
tor and  also  under  what  conditions  it  can  be  most  successfully 
employed. 

There  are  several  points  which  must  be  studied  separately  to 
produce  a  perfect  instrument  If  w;= diameter  of  jet,  fig.  8; 
a=diameter  of  the  apex  of  the  cone  a  o  ;  o=diameter  of  base 
of  the  cone  and  outlet  tube ;  then  the  points  for  our  considera- 
tion will  be  as  follows : 

(1)  The  relative  size  of  w  and  o ;  (2)  the  relative  proximity  of 
a  and  w ;  (8)  the  form  and  angle  of  the  cone  joining  a  ana  o  ; 
(4)  the  relative  sizes  of  a  and  lo  depending  upon  : 

(a)  The  amount  of  water  column  pressure ;  (b)  the  amount  of 
rarefaction  desired  ;  (c)  the  quantity  of  air  desired. 

(1)  The  relative  sizes  of  w  and  o. — As  has  been  previously 
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ted,  a  successful  aspirator  of  this  form  must  have  true  foam 
isting  in  its  outlet  tube  o  when  it  is  at  work,  and  it  is  evident 
it  the  laiver  this  tube  becomes  relatively  to  w,  beyond  certain 
lita,  the  less  will  be  the  probability  of  our  attaining  a  true 
)XSL  On  the  other  hand,  the  smaller  the  tube  o  relatively  to 
the  greater  and  more  injurious  will  be  the  retarding  force  of 
Btion.  While  keeping  these  two  limits  in  sight  the  follow- 
1^  experiments  were  made,  the  air  being  freely  admitted. 
ipirators  of  these  sizes  were  tried 

to'  :  o«=l  :  15  gave  foam. 
«;>:o«=l:20     "        " 
u;*  :  0*  =1  :  24     **      tube  of  water. 
ti;«:o«=l:28     "        "  " 

lioh  determines  approximately  that  1 :  20  is  the  most  eco- 
mical  ratio. 

(2)  The  relative  proximity  of  a  and  w. — I  have  made  no 
BCial  determination  to  get  at  this  distance,  nor  do  I  believe 
At  there  is  an  exact  value  to  it  which  is  better  than  all  others. 
lave  found,  however,  that  if  (in  the  aspirators  made  on  the 
lie  that  I  shall  presently  describe)  this  distance  much  exceeds 
e-qaarter  of  an  inch,  it  will  invariably  be  fatal  to  the  success 
the  aspirator.  This  failure  seems  to  be  accounted  for  by  the 
St  that  nearly  all  of  these  aspirators  have  a  more  or  less  jerky 
:>Yement  and  the  water  for  an  instant  comes  back  into  the 
amber  c,  fig.  3.  When  this  hapi>ens,  unless  w  is  close  to  a, 
e  jet  of  water  issuing  &om  w  will  lose  its  identity  in  the  mass 
water  below  it  and  the  aspirator  will  become  powerless. 
(8)  The  form  and  angle  of  the  cone  joining  a  and  o. — The 
lie  of  things  in  this  aspirator  is  not  directly,  in  so  many 
yidSf  water  pressure  stemming  atmospheric  pressure.  It  is 
e  loas  of  momentum  incurred  by  this  rapid  jet,  which  carries 
ong  and  drives  out  the  atmosphere.  Other  things  being 
itud,  the  quicker  we  can  stop  this  jet  the  greater  will  be  the 
BB  of  momentum  per  minute,  and  hence  the  greater  the  power. 
herefore,  if  we  could  stop  instantly  the  stream  which  moves 
ten  miles  or  more  per  minute  (1202  cc,  through  a  jet  040 
an  inch  in  diameter),  we  could  make  it  perform,  by  this 
eana,  its  greatest  work.  That  is  to  say,  if  we  join  a  and  o  by 
sharp  shoulder,  this  result  will  be  attained.  But  by  doing 
is  an  unlooked-for  state  of  things  modifies  our  conclusions. 
n  eddy  is  formed  in  the  angle  of  the  shoulder  where  the  water 
38  idle  (see  fig.  4)  and  aj)parently  out  of  the  lines  of  force 
om  the  jet  This  eddy  easily  makes  its  way  up  into  the 
lamber  c  and  paralyzes  the  aspirator. 

The  following  rough  experiment  was  made  to  ascertain,  if 
Dssible,  the  exact  position  of  these  lines  of  force.    An  aspii-ator 


416         R,  H.  Richards — Jet  Aspirator /or  Laboratories. 

was  cut  off  at  a  (see  fig.  5),  and  its  lower  extremity  a  was 
dipped  into  a  large  beaker  full  of  water  and  the  water  pressure 
turned  on  to  determine  the  form  in  which  the  foam  would 
naturally  arrange  itself.  It  assumed  the  form  of  a  perfect  cone, 
with  no  observable  curva 

The  angle  of  this  cone  was  determined  under  auite  a  number 
of  different  pressures,  to  see  if  it  would  vary  with  the  pressure. 
The  method  of  measuring  the  angle  was  rough  (sighting  by  two 
rulers  and  transferring  to  paper),  but  the  angle  does  not  seem 
to  vary  with  the  pressure. 

Table  I. 


Water  pressure,  in 

mm.  of  mercury  which 

would  balance  it 

Angle  of 
foam  outline 

2054 

17° 

2054 

17|° 
14* 

2064 

1521 

lb° 

1276 
1103 

16^** 
14|° 
17^ 

892 

425 

13° 

The  exact  condition  of  things  in  this  aspirator  seems  to  be 
that  the  water  jet,  on  arriving  at  a,  fig.  3,  is  obliged  to  fill  the 
whole  cross  section  at  a,  thus  forming  a  wad  or  diaphra^ 
which,  if  we  trace  in  its  forward  movement  to  o,  we  shall  find 
that  this  elementary  portion  of  the  jet  must  do  one  of  two 
things  in  order  that  it  shall  fill  the  cross  section  at  o  :  it  must 
either  lose  momentum  or  it  must  take  air  with  it  to  help  it  to 
fill  up  the  space.  Practically  both  these  things  take  place 
Sufficient  reason  has  already  been  given  for  having  the  angle 
of  this  cone  as  large  as  possible  (i.  e.,  the  elimination  of  friction 
and  the  most  rapid  reduction  of  momentum). 

The  following  experiment,  however,  was  tried  with  a  view 
to  prove  these  points.  An  aspirator  (fig.  6)  was  made,  having 
a  =  0  and  w  :a  =  'OSB"  :  '080  '.  The  distance  from  a  to  o  was 
varied  by  cutting  lengths  successively  off:  the  length  ao  is 
noted  under  each  experiment  in  the  table. 


a  0. 

Air  tension. 

5-2  inches. 

0  mm. 

4-          " 

232     " 

3-          " 

521     " 

2*          " 

628     " 

This  indicates  that  the  shorter  the  constricted  tube  a  o  became, 
the  better  was  the  result  in  exhaustion. 

The  experiment  just  described  also  distinctly  shows  that  the 
aspirator  must  have  a  definite  point  assigned  for  the  field  of 
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contest  between  the  air  and  water.  Figures  7  and  8  are  very 
poor  forms,  while  fig.  9  is  an  excellent  ona  Experience  in 
making  a  large  number  has  verified  this,  and  when  the  angle  is 
made  17°  the  water  is  always  able  to  stem  and  hold  at  bay  as 
much  of  the  atmosphere  as  its  pressure  is  able  to  push  out 
An  experiment  was  made  to  prove  this.  An  aspirator  with  an 
angle  of  35°  was  attached  to  the  water  supply  and  to  the  man- 
ometer, and  while  using  2287  mm.  water  pressure,  gave  538  mm. 
air  tension,  when  the  water  ran  back  into  c  and  the  aspirator 
was  paralyzed.  The  angle  of  this  same  instrument  was  then 
changed  to  17°  by  re-melting  the  glass,  and  at  the  next  trial  it 
produced  a  certain  proportion  of  the  vacuum,  538  mm.  same  as 
oefore,  but  this  time  it  stemmed  the  atmospheric  pressure  and 
the  water  was  unable  to  flow  back  again,  proving  the  efficacy  of 
the  17°  angle  for  the  cone.  It  may  pernaps  in  the  future  be 
proved  that  some  curved  outline,  for  instance  a  trumpet-shaped 
enlargement,  would  be  more  efficacious  than  a  true  cone,  but 
I  have  not  as  yet  been  able  to  experiment  on  it,  and  the  true 
(•x)ne  which  I  have  assumed  has  brought  very  good  results. 

(4.)  The  relative  size  of  a  and  o  depending  upon — 
(a)  The  amount  of  water  column  pressure. 
{b)  The  amount  of  rarefaction  desired, 
(c)  The  quantity  of  air  desired. 

As  a  is  the  scene  of  contest  between  the  pressure  of  the 
water  exerted  downward  and  the  atmospheric  pressure  exerted 
upward,  the  chamber  c  being  vacuous  or  partially  so,  it  seemed 
as  an  a  priori  certainty  that,  in  order  to  have  the  water  and  air 
balance  each  other,  the  ratio  of  areas  of  a  :  i^;  should  bear  some 
definite  proportion  to  the  ratio  of  pressures  of  water  and  air ;  if, 
for  instance,  P  =  the  pressure  of  water  and  Q=  the  atmospheric 
pressure,  then  it  would  seem  probable  that  this  equation  would 
satisfy  all  the  conditions  (a  and  w  being  diameters) : 

PXi/;«=QXa«. 
If  this  question  was  merely  a  statical  one,  this  would  un- 
doubtedly be  true,  but  momentum  enters  very  prominently  into 
the  discussion  during  the  process  of  exhaustion,  and  it  would 
seem  as  though  it  must  change  the  state  of  things,  although 
when  the  absolute  vacuum  is  reached  the  instrument  is  in  true 
statical  equilibriunL  The  experiments  presently  to  be  no- 
ticed were  made  with  a  view  to  answer  these  questions.  A 
gauge  was  made  for  measuring  the  water  pressure  shown  in  fig. 
11,  which  gives  the  whole  arrangement  of  barometer,  air  man- 
ometer ana  water  gauge.  I  is  a  funnel  tube  for  replenishing 
the  mercury ;  R  is  a  reservoir  to  contain  the  mercury ;  G  is 
the  gauge  tube,  sealed  above,  and  having  an  arbitrary  scale 
calibrated  to  read  equal  volumes  within  the  gauge  tube ;  B  is 
the  balance  tube.  The  operation  of  measuring  water  pressure 
by  means  of  this  gauge  is  as  follows : 


418         R  H.  Richards — Jet  Aspirator  for  Laboratories. 


t\ 


Open  C,,  fill  B,  dose  it  again. 

((      p        <i    "R        <i       «        i< 

(8.)  Let  on  the  water  pressure  which  causes  the  mercury  in 
B  to  fall  and  that  in  G  to  rise. 

(4.)  Bring  the  mercury  in  B  opposite  to  and  on  a  level  with 
that  m  G.  This  is  done  by  raising  the  mercury  with  cock  C, 
or  by  lowering  it  with  cock  C„  as  the  case  may  be.  Now  take 
the  reading :  call  it  r. 

(5.)  Shut  the  water  off  and  bring  B  and  G  again  on  a  level, 
while  C ,  is  open  for  free  admission  of  the  atmosphere.  Take 
the  reading  and  call  it  R 

(6.)  A  barometer  by  the  side  of  the  air  manometer  will  tdl 
the  number  of  mm.  supported  by  the  atmosphere :  call  it  n  and 
let  m  =  the  number  of  mm.  of  exhaustion  shown  by  the  air 
manometer ;  then  by  the  law  of  gas  tension  we  have— when  the 
aspirator  has  produced  a  perfect  vacuum — 

— Xn=mm.  of  mercury,  able  to  balance  the  pressure  of  water. 

When  the  aspirator  is  open  to  the  free  admission  of  air — 

—Xn—n^^  mm.  of  mercury,  as  abova 

When  the  aspirator  has  produced  a  partial  vacuum — 

— -Xn— (n-m)=  mm.  of  mercury,  as  abova 
r 

These  formulae  give  the  pressure  of  water  which   is  actually 

called  into  use  by  the  aspirator. 

In  order  to  test  the  relative  sizes  of  a  and  w  as  best  suited 

for  various  columns  of  water,  seven  aspirators  were  made  in 

glass,  of  varying  dimensions,  which  are  nere  shown : 

Table  U. 

to.  a.  0.        Ratio  w^  id^.    Gone  angle. 

InchM.  Inches.  InchM. 

No.  1,  -068  -068  -260  1:1              17° 

"  2,  -0612  -076  -240  1:1^              " 

"  3,  066  -078  -230  1:2                " 

"  4,  -062  -090  -230  1:3                " 

"  6,  -0425  -085  260  1:4 

"  6,  -040  090  -270  1:6 

"  7,  -0636  -246  264  1 :  15 

The  dimensions  are  all  given  in  fractions  of  an  inch,  and  I  feel 
confident  that  the  error  does  not  exceed  '002''.  These  fine 
measurements  were  made  with  a  Brown  and  Sharp's  microme- 
ter gauge,  and  the  method  employed  was  this :  A  very  acute 
cone  of  glass  was  dropped  into  the  partly  finished  pump  (fig.  12) 
to  measure  a  and  its  exact  point  of  contact  noted  py  the  scratch 
of  a  file.     The  diameter  of  the  cone  at  the  point  of  contact  was 


it 
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measured  by  the  gauge.     To  obtais  the  jet  w^  a  having  already 

1    w' 
been  measured,  let   -=— -=  the  ratio  which  we  desire  to  fulfil, 

r     a* 

— =the  diameter  of  w  which  we  requira     Another 

acute  glass  cone  is  cut  off  at  the  right  diameter  bj  means  of 
the  gauge  and  a  file,  and  the  apex  half  of  this  cone  is  dropped, 
base  downward,  into  the  already  formed  jet  (fig.  18),  whicn  is 
then  cut  off  exactly  at  the  base  of  the  cone.  The  greatest 
source  of  error  lies  in  the  feet  that  the  steadiest  hand  cannot 
always  rely  upon  making  the  cross  section  of  his  jets  true  math- 
ematical circles. 

Explanation  of  letters^  terms^  etc.^  used  in  thefoUovoing  experiments. 

G,  is  the  column  recording  the  gauge  readings  under  the  at- 
mospheric pressure  alona 

Ga  is  ditto  when  the  water  has  been  turned  on  and  the  aspira- 
tor has  attained  its  greatest  vacuum. 

G3  is  the  column  recording  gauge  readings  taken  just  after  G, 
and  with  only  one  change  in  the  apparatus,  i.  a,  the  air  is 
freely  admitted  to  the  aspirator,  the  water  cock  remaining 
untouched. 

H,  h  and  H-A  are  the  air  manometer  readings,  the  latter  giv- 
ing the  number  of  mm.  sustained  by  the  diflference  in  ten- 
sion between  the  normal  and  the  exhausted  air. 

In  each  case  below  will  be  found  a  calculated  statement  of 
the  actual  water  pressure  which  was  used  to  sustain  the  (H-A) 
of  the  atmosphere,  which  is  placed  next  to  it  on  the  same  line. 
One  pair  of  columns  is  marked  "with  vacuum,"  the  other 
"without  vacuum;"  in  the  first  of  these  the  water  pressure  is 
calculated  from  G^  and  G,. 

r  u". 

In  the  second  it  is  calculated  from  G3  and  G,. 

R  G, 

—  Xn—n=-^Xn—n. 

^  ^3 

The  exact  cause  of  the  difference  of  readings  G^  and  G,  is 
worthy  of  nota  The  reading  G3  is  taken  when  the  water  cock 
is  in  exactly  the  same  position  as  when  Gg  was  read,  but  the 
atmosphere  has  been  admitted  to  the  chamber  c  and  the  addi- 
tional impelling  force  to  the  water  which  lowered  G^  is  now 
wanting  and  hence  the  gauge  rises  when  G3  is  taken.  The 
question  may  be  asked,  "  what  right  have  we  to  charge  to  one 
experiment  a  different  amount  of  pressure  from  what  we  do  to 
another  when  the  gauge  in  both  cases  reads  the  same,  or,  as  some- 
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times  happens,  the  difference  between  the  readings  would  indi- 
cate an  opposite  difference  (L  e.,  the  smaller  one  greater  than 
the  larger),  from  the  resulting  cfdculation."  My  answer  is  that 
when  the  atmosphere  is  admitted  it  balances  the  atmospheric 
pressure  on  top  of  the  feed  reservoir,  and  when  it  is  not  admit- 
ted, the  whole  atmospheric  pressure  is  added  to  that  of  the 
column  of  water  which  exerts  the  force,  increasing  its  power  by 
15  lbs.  on  the  square  inch,  and  if  there  is  need  of  further  prooi, 
it  may  be  obtained  from  a  set  of  experiments  noted  by  the  aster- 
isks below  each  set  of  trials.  It  will  there  be  seen  that  more 
water  came  through  the  aspirator  when  it  was  producing  a  vacu- 
um than  when  it  was  not,  even  though  the  pressure  gauge  read- 
ings were  the  same,  which  plainly  indicates  that  with  the  vacuum, 
there  is  greater  impelling  force  to  the  water  than  without  it 


AtSPlBATOB  No.  1.                                           a* 

:ii7«  =  l:l 

a  =  -068"                  Barometer, 

764 

«?=  -068                     Air, 

74**  F. 

0  =  -260                    Water, 

72*  F. 

Record  of  experiments. 

0,. 

G9.            H.          K           K—K         G,. 

H. 

1732 

900         743          H         741i       760 

415 

1000         730        18           712         811 

415 

415      0 
415      0 


Calculated  resuUs, 

With  vacuum.  With  no  vacuum. 

Water  P.  Alrtenalon.  Water  P.  Airtenalon. 

1448™°>  741tJ°>'"  1000"™  0 

1271  712  867  0 


ASPIKATOB  No. 

a  —  -075'' 
t/?=-0612 
0  =  -240 

2. 

w*:  a*  =  l: 

Barometer, 

Air, 

Water, 

766 

75° 
73° 

mm 

F. 
F. 

Record 

of  experiments. 

G,. 

G,. 

H. 

h. 

H    h. 

G3. 

H. 

K 

H-A 

1740 
1740 
1740 

900 
1000* 
1060 

744 
742 
689 

1 
3 
71 

743 
739 
618 

727 
775t 
825 
1000 1 

415 
415 
415 

415 
415 
415 

0 
0 
0 

Calculated  results. 

With  vacuum. 
Water  P.              Air  tenBioo 

1457™'"              743™™ 
1306                  739 
1121                  618 

. 

With  no  vacuum. 
Water  P.             Air  tenaion. 
1057™™                   0 

954                     0 

850                     0 

*  1990  c.c.  of  water  passed  per  minute,      f  1708  cc.  of  water  passed  per  minute. 
\  1336    "    "       ♦•         "  " 
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1782 
1732 
1732 
1732 
1732 


a,. 

1732 
1732 


AsnRATOB  Na  3. 

az=-078" 
«?=  -066 
o  =  '280 


««:iff«=2:l. 


Barometer, 

Air, 

Water, 

Record  of  experimefUa. 


762"" 
74*^. 
72*»F. 


500 

810 

910 

914* 

940 


H. 

744 
743 
742 
740 
735 


1 
2 
3 
6 
Hi 


743 
741 
739 
734 
723i 


a.. 

493 

685 

730 

740t 

750 


H. 
415 

cc 

(( 
cc 


h. 

415 

cc 

cc 
c« 
cc 


0 
0 
0 
0 
0 


Water  p. 
2620"" 

1608 

1427 

1416 

1,*{65 

ASPIBATOB  No.  4. 

a  =  -090" 
w=.  '052 
o  =  -230 


Calculated  results. 

With  vacuum. 

Air  tension. 

743"" 

741 
739 
734 
723i 


With  no  vacuum. 
Water  P.       Air  tension. 
0 

0 
0 
0 
0 


G.. 
570 
600§ 


1915"" 
1164 
1045 
1021 
997 
a*:w*=3:l. 

Barometer,     764"" 

Air, 

Water, 

Record  of  experiments. 

h,      K—h,         G,. 

5i   734i   565 
11   725    5861 

600T 

CalcukUed  results. 
With  vacuum.  With  no  vacuum. 


740 
736 


75*^. 
73°  F. 

H. 

415 
415 


h, 

415 
415 


0 
0 


Water  P. 
2292"" 

2166 

AspnuTOR  No.  6. 

a  =  -085" 
10=,  -0425 
o  =  -250 


Air  tension. 
734J"" 

725 


Water  P. 
1678"" 

1498 


Air  tension. 
0 

0 


w 


t 


4:1. 


Barometer, 

Air, 

Water, 

Record  of  experiments. 


G,. 
1731 

1731 

1731 


G,. 
650 
672** 
600 


H. 
742 
741 
737 


h. 
3^ 
4 
11 


H-A. 
738i 
737 
726 


G.. 
650 

666tt 

682 

672JJ 


764"" 
75°  F. 
73°  F. 


H.  h.  H-i 

416  416  0 

cc                  U  Q 

cc                 cc  Q 


*  1677  cc  water  passed  per  minute.  §  1800  cc  water  passed  per  minute, 

f  1350    "       "  "  "  I  1540   " 

1101    "      "  »'  whenGa=9U.  11616   " 

**  1148  cc  water  passed  per  minute.  -ff  956  " 
XX  963      "       "         "        •»        " 

Am.  Jour.  Sol—Third  Serirs,  Vol.  Yin,  No.  48.— Drc.,  \Vl^ 

27 


u 
It 


n 


(I 


(( 


(( 
It 
It 


it 
li 
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Calculated  results. 


mm 


With  yacuum. 

Water  P.  Air  tenilon. 

2378  738i 

2286  737 

2176  726 

Aspirator  No.  6. 

a=  090'' 
w=  -040 
o  =  '270 


With  no  yacuum. 

Water  P.  Air  tenaion. 

1039mm  Q 

1672  0 

1608  0 


ti;«=5:l. 


Barometer, 

Air, 

Water, 


762""" 
76«F. 
72°  F. 


1732°"* 
1732 


Record  of  experimenJbs, 

G,.  H.  h,       H— ^         G,. 

471         740         6         734         471 
600*       739         7i       73 li       490f 

600J 

CalcttkUed  results. 


H. 
416 


416 


H-A. 
0 
0 


Water  P. 

2774mm 

2609 


With  yacuum. 

Air  teniion. 
734mm 

731i 

ASPI&ATOB  No.  7. 

a  =  -246" 
«?z=  '0636 
o  z=  -264 


With  no  yacuum. 
Water  P.  Air  tenalon. 

2039"*°*  0 

1931  0 


a*:  w*  =  15: 1. 


Barometer,     764™°* 
Air,  77° 

Water,  72° 


1748 


Record  of  eoeperiments. 

Gf.  H.  K       H — ^ 

462         496         320     176         Air  and  water  exactly  bal- 
anced each  other. 

Calculated  results. 

With  partial  yacuum. 
Water  P.  Air  tension. 

2301™°*  175°*'" 

Comparison  of  the  amount  of  water  column  pressure  re- 
quired by  aspirators  of  different  ratio,  in  order  that  they  may 
produce  an  approximate  vacuum : 


Table  TTI. 

>r  pressure. 

Air  tension. 

Ratio  of  Aspirator 

1448mm 

741i°»'° 

1:1 

1467 

743 

1:H 

1608 

741 

1:2 

2292 

734i 

1:3 

2378 

738A 

1:4 

2774 

734" 

1:5 

2301 

175 

1  :16 

*  1202  C.C.  water  passed  per  minute.        f  1037  cc.  water  passed  per  minute. 
i  1027    •*       "         *'        "        " 
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From  which  we  may  obtain  the  following  table : 

Table  IV. 

Actual  ratio.  Ratio  of  Difference  between 

Air  tension :  Water  pressure,  w* :  a*        pressure  and  area  ratios. 

1-954  1-  +  -954 

1-961  1-6  +  -461 

2-170  2-  +   -170 

3-120  3-  +   -120 

8-220  4-  —   -780 

3-793  6-  —1-207 

13-148  15-  —1-852 

This  table  shows  a  distinct  variation  from  the  theory  enun- 
ciated above,  Qxa*=P:  w^,  and  so  long  as  the  actual  pressure 
ratio  is  larger  than  the  theoretical  area  ratio,  it  would  seem  to 
be  accounted  for  by  friction ;  but  when,  as  in  the  last  three 
cases,  it  becomes  less,  I  confess  I  am  at  a  loss  to  discover  the  law. 
The  diflFerences  form  a  very  nice  series,  growing  less  and  less 
until  they  become  negative  quantities,  but  up  to  the  time  of 
writing  I  have  failed  to  ascertain  the  cause.  At  the  first  glance 
it  looks  as  if  the  water  was  doing  more  than  its  theoretical 
amount  of  work ;  momentum  surely  cannot  account  for  it 

Experiments  to  determine  the  relative  amounts  of  air  and 
water  used  by  the  different  aspirators  under  a  constant  air  ten- 
sion, and  in  each  case  with  that  water  pressure  which  is  the 
minimum  required  to  produce  its  best  vacuum.  Barometer 
767,  air  74*^  F.,  water  78^  F. 

Record  of  eaperimerUs, 


Aspirator.  Gj. 

G.. 

H. 

h. 

H-A. 

Time. 

Amt  air. 

Amt.  water. 

No.  1 

1734 

900 

450 

374 

76 

Imin. 

512  CO. 

1837C.C. 

No.  2 

(( 

1000 

450 

374 

76 

u 

335 

1390 

No.  3 

(( 

910 

450 

374 

76 

a 

578 

1227 

No.  4 

u 

570 

470 

350 

120 

u 

900 

1644 

No.  5 

a 

650 

460 

362 

98 

u 

634 

1016 

No.  6 

a 

471 

460 

374 

76 

ii 

757 

1110 

No.  1 

u 

900 

600 

186 

414 

ii 

332 

2266 

No.  2 

ti 

1600 

ii 

182 

1840 

No.  3 

u 

910 

ii 

225 

1469 

No.  4 

ii 

570 

ii 

383 

1764 

No.  5 

u 

650 

a 

470 

1108 

No.  6*  1756 

476 

ii 

620 

1160 

Calculated  statement  for  comparison  of  relative  air  and  water 
volumes  of  the  diflFerent  aspirators. 

♦  Tried  at  another  time,  bar.  764,  air  IV,  water  72*. 
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Table  V. 

Ratio  air  to 

Lspirator. 

Water  pres. 

Air  ten. 

water  volume. 

Time. 

No.  1 

787"°» 

framm 

8-688 

1  min 

No.  2 

639 

76 

4-016 

(( 

No.  3 

771 

76 

2-123 

(( 

No.  4 

1686 

120 

1-826 

i( 

No.  6 

1749 

98 

1-602 

u 

No.  6 

2133 

76 

1-466 

it 

No.  1 

1125 

414 

6-825 

a 

No.  2 

977 

(( 

10-110 

it 

No.  3 

1109 

C( 

6-624 

(i 

No.  4 

1980 

i( 

4-561 

i( 

No.  6 

2065 

c< 

2-351 

it 

No.  6 

2467 

a 

2-357 

u 

When  the  experiment  is  made,  C,  is  arranged  to  give  the 
desired  pressure  on  the  water  gauge,  and  the  air  in  ^  is  par- 
tially exnausted  until  the  air  manometer  reads  the  desired  fig- 
ure. C4  is  then  closed,  and  when  the  watch  comes  to  a  con- 
venient second,  i  is  instantly  put  under  to  catch  the  water  and 
C4  is  at  the  same  instant  opened.  The  manometer  is  pre- 
vented from  rising  and  indeed  held  exactly  on  its  desired  read- 
ing by  means  of  cock  C,.  At  the  instant  the  minute  is  up,  i  is 
removed  and  C^  closed ;  then  i  contains  the  whole  of  the  water 
Tised,  and  the  number  of  cubic  centimeters  of  water  required  to 
fill  F  again  represents  the  amount  of  air  drawn.  To  be  sure, 
there  is  a  slight  error  from  having  the  levels  of  water  in  K  and 
F  dififerent,  but  this  is  entirely  insignificant  when  compared 
with  the  foi-ces  at  issue. 

Experiment  to  ascertain  the  length  of  time  required  to  pro- 
duce a  vacuum  in  a  vessel  of  given  size.    Aspirator  a' :  it;*  =5 : 1. 


Water  pres. 

H-A. 

Time. 

Water  pree. 

H-^ 

Time. 

2774 

714 

1  min 

* 

• 

2774 

637 

6  min. 

731 

U" 

% 

(( 

662 

6    " 

731 

2    " 

« 

676 
693 

7  " 

8  " 

212 

1     " 

t 

u 

702 

9    « 

894 

H" 

u 

709 

10    " 

474 

2  " 

u 

714 

12    " 

609 

2i" 

ii 

721 

14    " 

648 

3    « 

u 

723 

16     " 

677 

3i" 

(( 

727 

20    " 

601 

4    " 

(( 

729 

24    " 

t 

: 

*  Aspirator  attached  to  manometer  onlj.    The  oock  C^,,  fig.  14,  was  doaed. 

f  The  other  figures  record  a  series  taken  with  Cg  open  and  the  aspirator 
attached  to  a  vessel  which  was  partly  full  of  common  water  and  which  had  1145 
ac  of  air  space  above  the  water. 

\  At  tibis  time  the  water  was  effervescing  quite  freely.  I  did  not  try  to  get 
H— A  down  to  731  mm.  as  above. 
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Another  experiment  to  determine  the  amount  of  time  needed 
to  exhaust  a  vessel  of  known  capacity.    Aspirator  a^ :  w^  =5 : 1. 


Water  prea. 

Water  pres. 

approzimatelj. 

H-^ 

Time. 

approzimatelj. 

H-A. 

Time. 

2774 

726 

^min.* 

2774 

676 

4min. 

(( 

737 

2      «    ♦ 

ik 

703 

5       " 

(( 

739 

li    "    * 

u 

712 

5i" 

« 

739 

2       "    ♦ 

c< 

726 

6i" 

cc 

727 

7    ** 

<( 

0 

0     "   t 

(i 

729 

8    " 

(( 

265 

i    " 

iC 

734 

10    " 

(( 

460 

1       " 

a 

737 

12    " 

(( 

549 

2       " 

cc 

789 

15    " 

(( 

638 

3      " 

cc 

739 

20    " 

In  order  to  ascertain  how  long  any  vessel  will  require  for 
exhaustion  the  law  is  directly  as  the  volume.  A  flask  of  dou- 
ble capacity  takes  twice  as  long. 

The  experiments  below  were  made  to  ascertain  the  maximum 
exhaustion  attainable  by  these  four  aspirators,  the  readings 
being  taken  much  more  closely  than  those  given  previously. 
Barometer  767-2'n°»,  air  76i°  F. 

Aspirator.  Water  temp.      Gj. 

No.  1  74^  1740 

No.  2  73 J  1740 

No.  3  74  1740 

No.  4  73  1740 

Table  showing  the  amount  of  rarefaction  attained  by  each 
aspirator  when  doing  its  best  work  by  means  of  the  pressure  at 
band. 

Table   VI. 


G«. 

H. 

A. 

H-A. 

620 

744 

0 

744 

620 

744 

0 

744 

500 

744 

0 

744 

500 

743 

H 

741i 

Aspi- 

H-A. 

Aq.  Yi^r 

Water 

Water 

Bar. 

B-(H-A  +  V) 

rator. 

tension. 
V. 

temperature,  pressure. 

B. 

No.  1 

744 

21-70 

74* 

2644 

767-2 

1-50 

No.  2 

744 

21-39 

73* 

2544 

767-2 

1-81 

No.  3 

744 

21-70 

74 

2647 

767-2 

1-50 

No.  4 

74U 

21  09 

73 

2644 

767-2 

4-61 

No.  6 

738* 

21-09 

73 

2378 

764- 

4-41 

No.  6 

734 

20-47 

72 

2774 

762- 

8-53 

No.  7 

176 

20-47 

72 

2301 

764- 

568-53 

The  column  B— (H— A+V)  in  this  table  shows  us  the  error  of 
the  aspirator,  i.e.  the  number  of  millimeters  that  its  air  exhaus- 
tion varies  from  the  theoretical  perfection  to  be  aimed  at  The 
pump  will  never  be  able  to  eliminate  the  tension  of  aqueous 

*  Aspirator  attached  to  manometer  only;  cock  Cg,  fig.  14,  was  closed. 
f  The  other  figures  record  a  series  with  Gg  open  and  the  aspirator  attached  to 
a  flask  without  any  water  in  it,  of  1340  c.a  capacity. 
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vapor  so  long  as  water  is  used  in  it  I  have  made  one  attempt 
to  produce  a  mercury  pump  to  work  upon  the  same  principle, 
but  the  instrument  was  not  a  perfect  success.  It  will  need  study 
to  secure  its  best  form,  and  to  ascertain  whether  it  can  be  macte 
more  available  than  SprengeVs  fall  pump,  which  is  now  com- 
monly in  use. 

An  experiment  was  made  to  ascertain  whether  the  form  of 
the  converging  cone  which  connects  the  reservoir  c,  and  the 
constricted  point  a,  fig.  3,  influences  in  any  way  the  success  of 
the  aspirator.  The  form  of  aspirator  used  was  that  represented 
in  fig.  10.,  which  removes  the  converging  cone  entirely.  The 
data  of  the  experiment  were : — w=  •056",  a^  "080'',  a* :«;'  =2:1. 
The  barometer  stood  at  773^. 


Air  tension. 

Water  pressure. 

746 -i""" 

2406*9'"" 

742 -i 

1621-2 

737- 

1606-6 

In  the  second  experiment  the  aspirator  was  about  at  its  limit, 
i.  e.,  an  increase  of  water  pressure  would  not  materially  increase 
its  power,  while  a  slight  decrease  would  seriously  impair  its 
power,  which  gives  us  an  opportunity  to  compare  this  form  of 
aspirator  by  means  of  Table  IV  with  an  aspirator  of  the  ordin- 
ary form : 

Ratio  Ratio 

Air  ten.  to  water  pres,        w*.  a*. 

In  aspirator  fig.  10,  2  09  1:2 

u  u  u      3^  217  1  :  2 

The  diflfereuce  between  these  two  numbers  2*09  and  2'17,  is 
slight  when  we  consider  the  extreme  diflSculty  of  obtaining 
the  aspirator's  exact  limit  It  may  be  concluded,  therefore,  that 
the  converging  angle  does  not  influence  the  power  of  the  in- 
strument But  I  found  that  the  form  fig.  10,  although  of  the 
same  vacuum  sustaining  power,  required  a  great  deal  longer  to 
produce  the  vacuum,  as  many  bubbles  of  air  were  seen  bound- 
ing ofl*  from  the  sides  of  the  cone  a  a  which  ought  to  have  been 
carried  down  in  it,  and  very  probably  would  have  been  carried 
down  if  a  had  been  joined  to  c,  by  a  converging  cone.  I  there- 
fore conclude  that  the  converging  cone  joining  c  and  a  does 
not  influence  the  quality  of  the  instrument,  but  that  it  does  in- 
fluence the  quantity  of  air  carried  by  the  instrument  I  find 
that  an  angle  of  17°  for  the  converging  cone  c  a  as  well  as  for 
the  diverging  cone  a  o  yields  very  satisfactory  results. 

Prof.  Mixter  informs  me  that  Fechner  of  Berlin  uses  a  jet 
aspirator  diflfering  in  form  and  principle  from  my  Giffard's  in- 
jector experiment,  only  in  the  fact  that  he  fills  the  cone  a  o  with 
foam  by  placing  o  in  a  beaker  of  water. 
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From  Prof.  J.  Lawrence  Smith,  I  learned  a  few  days  since, 
that  a  metallic  jet  aspirator  is  used  in  France.  The  maker  and 
the  particulars  of  its  form  he  did  not  recall  at  the  moment 

In  the  store  of  Messrs.  Codman  &  ShurtleflF  of  Boston  I  find 
an  instrument  called  a  saliva  pump,  made  to  be  screwed  to  the 
hydrant  at  any  poict  This  instrument,  while  it  is  essentially 
the  same  as  mine,  differs  in  obtaining  its  foam  in  the  cone  a  o, 
fig.  8,  by  an  obstruction  which  is  introduced  at  o.  The  cone  a  o 
is  much  too  acute,  according  to  my  experience,  but  I  should 
judge  that  it  would  do  fair  work,  and  for  its  present  application 
is  just  as  good  as  if  it  had  the  most  economical  form.  This 
instrument  was  invented  and  is  now  made  by  Dr.  J.  E.  Fisk 
of  Salem,  Mass. 

Mass.  iDstitute  of  Technology,  Boston. 

Note, — Since  writing  this  account,  I  have  given  dimensions 
and  rules  for  the  manufacture  of  these  aspirators,  to  suit  ap- 
proximately any  head  of  water,  to  Mr.  E.  B.  Benjamin,  10 
Barclay  street.  New  York  city,  who  has  in  his  employment  an 
excellent  glass  blower,  and  I  have  sent  samples  of  mjr  own 
manufacture  to  aid  him  in  reproducing  my  iaea.  It  will  be 
necessarv  for  persons  desiring  to  obtain  the  aspirators  to  make 
several  determinations  during  the  same  day  of  the  column  of 
water  which  they  have  at  hand.  Figs.  15  and  16  show  the 
apparatus  which  is  all  sufficient  to  obtain  an  approximate  de- 
termination of  sufficient  accuracy  for  the  purpose.  The  U- 
tube  may  be  of  }th  inch  bore  and  of  same  diameter  at  both  ends, 
one  foot  long,  should  have  a  slight  rib  at  the  top,  should  be  at- 
tached to  the  cock  with  a  rubber  connector  containing  cloth 
fiber  to  give  it  strength,  and  should  be  wired  on  with  copper 
wire.  About  one  half  the  quantity  of  mercury  that  would  be 
required  to  fill  the  U-tube  should  be  used.  The  four  measure- 
ments, a,  J,  c,  rf,  should  be  taken  in  mm.  for  each  experiment, 
and  after  the  experiment  the  U-tube  will  have  to  be  very  cau- 
tiously removed  to  allow  a  gradual  expansion  of  the  air  in  C. 
Fig.  15  shows  the  beginning  of  the  experiment,  fig.  16  the  end. 

The  following  formula  will  give  the  approximate  number  of 
atmospheres  of  water  pressure  at  hand,  which  must  be  stated 
in  ordering  from  Mr.  Benjamin. 

c(  1  —  -r —  j  :  a(  1-f-  z^— I  =  1  atmosphere  :  atmospheres  of   water 

pressure. 

a—h 
a-^-a. 


or 


V60  __  j  atmospheres  of 


d^c      \  water  pressure. 
760 
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I  am  aware  that  this  formula  gives  one  atmosphere  more 
pressure  than  the  water  column  yields  ;  but  if  the  reader  will 
refer  back  to  the  experiments,  he  will  find  that  the  aspirator 
actually  utilizes  one  atmospheric  pressure  more  than  is  due  to 
the  water  column,  for  high  water  pressures  one  or  more  atmos- 
phere, and  for  less  powerful  ones  the  aspirator  utilizes  a  portion 
of  an  atmosphere  more  than  is  due  to  the  column  of  water. 


Art.  XXXVIL — On  the  Molecular  Volume  of  Water  of  Cryftal 
Uzation;  by  Frank  Wigglesworth  Clarke,  S.  B.,  Profes- 
sor of  Chemistry  and  Physics  in  the  University  of  Cincinnati 

It  is  an  important  problem  in  theoretical  chemistry  to  de- 
termine the  nature  of  tne  diflference  between  water  of  constitu- 
tion and  water  of  crystallization.  Some  time  since  it  occurred 
to  me  that  perhaps  a  clue  to  the  solution  of  this  problem  might 
be  obtainea  from  a  careful  comparison  of  the  molecular  vol- 
umes of  hydrates  and  crystallized  salts.  Having  abundant 
data  concerning  specific  gravities  at  my  command,  this  work 
became  comparatively  easy ;  and,  although  I  was  not  led  to 
absolutely  satisfactory  results,  I  still  came  upon  some  points  of 
considerable  interest.  Of  courae  my  chief  difficulties  arose 
from  the  discrepancies  between  different  determinations  of  spe- 
cific gravity,  as  made  by  ditferent  experimenters.  This  diffi- 
culty was  especially  great  in  dealing  with  the  hydrates  ;  where 
in  some  instances  two  determinations  cf  specific  gravity  for  the 
same  substance  will  differ  by  nearly  fifty  per  cent  But  the 
untrustworthy  character  of  some  of  my  material  need  not  vitiate 
essentially  the  conclusions  drawn  from  the  whole  mass. 

My  first  step  was  to  determine  whether  the  molecular  vol- 
ume of  water  of  crystallization  is  a  constant  quantity,  or  whether 
it  is  different  in  different  salts.  To  settle  this  question,  I  had 
the  published  specific  gravities  of  thirty-one  anhydrous  salts, 
and  corresponding  determinations  for  the  same  substances,  plus 
water  of  crystallization.  The  needful  calculations  were  of  the 
most  extremely  simple  character.  Subtract  the  molecular  vol- 
ume of  the  anhydrous  salt  from  that  of  the  hydrated  compound, 
and  divide  the  remainder  by  the  number  of  molecules  of  water 
present :  the  quotient  will  be  the  molecular  volume  of  the 
water.  It  will  at  once  be  seen  that  this  method  of  calculation 
involves  the  assumption  that  the  volume  of  the  salt  itself  is 
constant ;  an  assumption  which,  a  j^riori^  is  wholly  unwarrant- 
able. In  my  work  I  started  with  it  as  a  mere  supposition,  not 
as  an  assumption,  and  found  it  at  the  end  to  be  wholly  justified 
by  my  results.     Let  me  now  quote  the  data  used  in  my  work, 
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and  subsequently  present  my  conclusiona  The  following  spe- 
cific gravity  determinations  were  employed.  The  deaueed 
molecular  volume  is  placed  after  each  one,  in  brackets : 

CaClg,  2-240,  Filhol  (molec.  vol  496).  CaCla,  6  aq.,  1-636,  Fil- 
hoi  (vol  183-9).  SrCla,  2-8038,  Karsten  (66-6).  SrCl^,  6  aq., 
1-921,  Buignet  (138-8).  BaCla,  3-886,  Schr5der  (53-6).  BaCl^, 
2  aq.,  3-062,  Schiff  (79-9).  FeClg,  2-628,  Filhol  (60-2).  FeCL, 
4  aq.,  1-926,  Filhol  (103-8).  CoCl,,  2-937,  Playfair  and  Joule 
(44-2).  CoClg,  6  aq.,  1-84,  B5deker  (129).  CuCla,  3-064,  Play- 
fair  and  Joule  (44).  CuCla,  2  aq.,  247,  B5deker  (69).  MgCL, 
2-177,  Playfair  and  Joule  (437).  MgCl,,  6  aq.,  1-662,  Playfair 
and  Joule  (129-9). 

LigSO^,  2-210,  Kremers  (46-6).  Li^SO^,  aq.,  2-02,  Troost  (599). 
Na^SO.,  2-697,  Playfair  and  Joule  (64-7).  Na,SO^,  10  aq., 
1-520,  Filhol  (196-6).  CaSO^,  2-960,  Nauraann  (45-9).  CaSO^, 
2  aq.,  2-331,  Filhol  (73-8).  MnSO^,  3-1,  BOdeker  (48-7). 
MnSO^,  6  aa.,  2087-2-095,  Kopp  (116-2).  FeSO.,  3-138,  Play- 
fair and  Joule  (48-4).  FeS04,  7  aq.,  1-8889,  Playfair  and  Joule 
(147-2).  NiSO^,  3-643,  Pape  (42-4).  NiSO.,  7  aq.,  1-931, 
Schiff  (146-4).  CoSO^,  3-531,  Playfair  and  Joule  (43-8). 
C0SO4,  7aq.,  1-924,  Schiff  (145-8).  CuSO^,  3-631,  Playfair  and 
Joule  (43-9).  CuSO^,  6  aq..  2-264,  Playfair  and  Joule  (110-6). 
MgSO^,  2-628,  Filhol  (46-7).  MgSO^,  7  aq.,  1-685,  Schiff  (146*9). 
ZnSO^,  3-400,  Karsten,  Filhol  (47-4).  ZnSO^,  7  aq.,  1967. 
Buignet  (146-7).  Al2(S0  J,,  2171,  Playfair  and  Joule  (167-6), 
AlafSO^jj,  18  aq.,  1-671,  Playfair  and  Joule  (39s^). 

CuK,(SOJg,  2-797,  Playfair  and  Joule  (119-6).  CuKj(S0j2, 
6  aq.,  2-16376,  Playfair  arid  Joule  (204*1).  ZnK^iSOJ^,  2-816. 
Playfair  and  Joule  (1 19-1).  ZnKa (80^)2,  6  aq*,  2153,  Schiff, 
Kopp  (206).  CuAm2(S0  Jj,  2-197,  Playfair  and  Joule  (1 32-7). 
CuAmafSO^)^,  6  aq.,  1-891,  Playfair  and  Joule  (211-2), 
ZnAmg^SO^),,  2-222,  Playfair  and  Joule  (131-9).  ZnAra^ 
(SOJ2,  6  aq.,  1-897,  Playfair  and  Joule  (2110).  A1K(S0  J^, 
2-228,  Playfair  and  Joule  (116).  A1K(S0J2,  12  aq.  1-726, 
Playfair  and  Joule  (276).  ALAm(S04)2,  2-039,  Playfair  and 
Joule  (116-4).  AlAm(SO^)„  12  aq.,  1  -626,  Playfair  and  Joule 
.(279). 

Na^B^O^,  2-367,  Filhol  (86-3).  NajB^O^,  10  aq.,  1-692,  Filhol 
(225-8). 

SrNjjOg,  2-857,  Filhol  (782).  SrNgOg,  5  aq.,  2-113,  Filhol  (148-3). 
CaNgOg,  2-240,  Filhol  (78-5).  CaN^Og,  4  aq.,  1-90,  Ordway 
(180-5). 

NagCO  2-430,  Playfair  and  Joule  (43-6).  Na^COg,  10  aq.,  1-476, 
Schiff  (193-9).  CaCOg,  2*7000,  Karsten  (37-0).  CaCO„,  6  aq., 
1-783,  Pelouze  (106*6).  KNaCOg,  2-5289-2-5633,  Stolba  (48). 
KNaCOg,  12  aq.,  1-6088-1-6334,  Stolba  (208  6). 

NaCgHgOjj,  1-421,  B5deker  (59-8).  NaCj^HgOj,  6  aq.,  140, 
Bddeker  (187-8). 


'  MgCf,,  6 
"  Li,SO^,  aq. 
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Id  this  list  it  will  at  once  be  noticed  that  there  is  a  consider- 
able variety  of  salte,  vairiiig  in  hydration  ftom  one  to  eighteen 
molecules  of  water.  Chlorides,  sulphates,  both  simple  and 
double,  nitrates,  carbonates,  borates,  aad  acetates,  are  represented. 
Now,  if  we  calculate  from  these  data,  the  molecular  volume  of 
the  water  of  crystallization  in  the  manner  already  described,  we 
shall  get  the  following  series  of  values : 

In  CaCla,  6  aq.  140  In  CuK,(SO,)2,  6  aq.  H'l 

"  SrCl,,  6  aq.  18-7  "  ZnKj(SO.)„  6  aq.  U-5 

"  BaCl,,  2  aq.  13.2  «  CuAniafSOj,,  6  aq.  13-1 

-'  FeCla,  4  aq,  13-3  "  ZnAm,(SO^)j,  6  aq.  13-2 

'  CoClj,  a  aq.  141  «  AlK(SO.),,  12  aq.  13-3 

'  CuCl,,2  aq.  J2-5  "  AIAm(SOjj,  12  aq.  13-5 

■  "  -4 

"  Na-B-O,,  10  aq.  U-0 

_   ,^-„-.-  --3  4      3      T.  "1 

'  Na,SO,,  10  aq.     14-2  „  f~-  t^  r,      . 

"CaSO.,*2aq.         13-(.  \2'^*n"t'^-                w"^ 

"  MnSoV,  6  ^.         13-3  "  ^rN^O,,  6  aq.                   UO 
"  FeSO,,  7  aq.         14-1 

"  CoSO,,  7  aq.         146  "  Na.CO,,  10  aq.              16-0 

"  NiSO,,  1  aq.           147  "  CaCO,,  6  aq.                    139 

"  CuSO*,  5  aq.          l:t-3  "  KNaCfO,,  12  aq.              13-4 
"  MgS0^,7aq.        14-3 

"  ZnSO,,  7  aq.           14-2  "  NaC^HjOa,  6  aq.            130 
"  AI^(S04)3,  18  aq.  i:i-4 

The  mean  of  all  is  13-76. 

Here,  now,  we  have  practically  one  value  for  the  molecular 
volume  of  water  of  crystallization,  no  clearly  marked  exception 
having  yet  appeared  to  me.  When,  instead  of  selected  single 
determinations  of  specific  gravity,  the  average  of  all  the  reliable 
published  val  ues  For  each  salt  is  used  in  the  work  of  calculation, 
the  uniformity  becomes,  if  anything,  more  striking.  The  dif 
ference  between  the  extremes  in  the  above  series  of  values  ia 
less  than  ia  frequently  found  between  two  determinations  for 
one  substance. 

When  we  consider  the  variety  of  salts  with  which  we  are 
dealing,  and  the  great  differences  in  the  extent  of  their  hydra- 
tion, it  seems  certain  that  bo  remarkably  uniform  a  series  of 
values  can  iie  interpreted  in  only  one  way. 

When  water  unites  with  an  anhydrous  sail  to  become  water  of 
crystallization,  that  water  undergoes  the  entire  condensat-on  tohidi 
ensues,  the  volume  of  the  salt  itself  remaining  unaltered.  That  is, 
the  volume  of  any  salt  containing  water  of  crystallization  is  the 
volume  of  the  anhvdrous  salt,  plus  that  of  the  water  condensed 
to  a  volume  of  13^6.  An  idea  of  the  amount  of  this  conden- 
sation may  be  derived  from  the  fact  that  the  molecular  volume 
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of  ice  is  about  19*6.  If,  in  uniting  with  water  of  crystalliza- 
tion, tlie  salts  themselves  were  to  undergo  a  change  of  volume, 
it  is  evident  that,  in  such  a  variety  of  compounds,  we  could 
not  possibly  obtain  a  constant  value  for  the  water.  Every  va- 
riation in  the  salt  would  produce  a  corresponding  variation  in 
the  remainder.  We  might,  indeed,  get  similar  remainders  for 
a  series  of  salts  of  egual  hydration,  but  we  could  certainly  hope 
for  nothing  of  the  kmd  in  comparing  compounds  with  one,  two, 
four,  five,  six,  seven,  ten,  twelve,  and  eighteen  molecules  of 
water  of  crystallization. 

Now,  turning  to  the  hydrates,  and  studying  them  just  as  we 
have  studied  ordinary  crystallized  salts,  we  find  a  totally  differ- 
ent state  of  afiairs.  Instead  of  getting  a  constant  value  for  our 
remainder,  we  shall  get  a  number  of  values* having  no  apparent 
relation  to  each  other.  A  few  instances  here  and  there  will 
illustrate  this  fact. 

r^Og,  4-487,  Ditte  (74-4).  laOj^jHaO  (HIO3),  4269,  Ditte  (82-4), 
KjO,  2-666,  Karsten  (35-4).  K,0,  HjjO(KHO),  2-044,  Filhol 
(54-8).  CaO,  3-180,  Filhol  (17-6).  CaO,  H^O,  2*078,  Filhol 
(36-1).  SrO,  4-611,  Filhol  (22-4)  SrO,  H-0,  3-625,  Filhol 
(33-6).  BaO,  6-456,  Filhol  (280).  BaO,  liaO,  4-495,  Filhol 
(38).  MngOa  (braunite),  4-752,  Rammelsberg  (332).  Mn203. 
H3O  (manganite),  4-335,  Rammelsberg  (40*6).  FcjOg,  6037, 
H.  Rose  (31-7).  FeaO^,  H2O  (g5tliite),  4-37,  Yorke  (40-7). 
AI2O3  (sapphire),  4-0001,  Schaffgotsch  (25-7).  AI2O3,  HgO 
(diaspore),  3-45,  J.  L.  Smith  (35-0).  B^Og,  1-803,  Davy  (38-8). 
B203,3H20,  1-4347,  Stolba  (86-4). 

Arran^ng  these  serially  and  subtracting,  we  get  the  follow- 
ing reraamders  to  represent  the  water : 

In  I.Oj,  HgO,  8-0  In  MiiaO,,  HjO,  74 

"  KaO,H20,  19-4  "  Fe^Og,  Il,(),  90 

"  CaO,  HjO,  17-6  "  AljOg,  H3O,  9-3 

"SrO,  HjO,  11-1  ."B203,3H20,  15*9 

"  BaO,  H  jO,  10  0 

It  would  be  easy  to  carry  this  out  still  farther,  but  already 
the  want  of  uniformity  is  striking  enough.  One  compound, 
however,  is  worth  noting.  The  molecular  volume  of  K^O,  HgO, 
halved  as  it  ought  to  be  for  KHO,  is  almost  the  exact  mean 
between  the  values  for  ice,  19*6,  and  K3O,  35  4.  This,  of 
course,  is  what  we  should  expect. 

In  the  above  series  two  things  are  noteworthy.  First,  the 
lack  of  uniformity,  which  indicates  (but  does  not  prove)  what 
we  would  naturally  expect,  viz.,  that  when  an  oxide  unites 
with  water  to  form  a  hydrate,  both  undergo  condensation. 
Secondl}',  what  supports  the  same  idea,  that  the  volumes  thus 
arbitrarily  calculated  for  water  average  much  lower  than  the 
values  obtained  from  crystallized  salt. 
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To  sum  up,  the  evidence  presented  in  this  paper  renders  the 
following  statement  highly  probable. 

When  water  unites  with  an  anhydrous  substance  to  become 
water  of  crystallization,  the  water  undergoes  the  entire  con- 
densation. When  it  unites  as  water  of  constitution,  the  con- 
densation is  distributed  throughout  the  molecule.  The  law  of 
this  distribution  remains  to  be  ascertained. 


Art.    XXXVIII. —  Warwicki'te;   hj  J.    Lawrence    Smith, 

Louisville,  Ky. 

It  is  several  years  since  Professor  Brush  and  myself,  while 
engaged  in  the  re-examination  of  American  minerals,  pointed 
out  the  mineral  warwickite  as  possessing  a  peculiar  composition, 
altogether  different  from  what  it  had  been  supposed  to  hava 

The  mineral  was  first  described  as  a  new  species  by  Pro- 
fessor Shepard  in  1888  (Am.  Journ.  Sci.,  voL  xxxiv),  and 
again  more  fully  in  1839  (ibid,  vol.  xxxvi,  p.  318).  In  both 
ol  these  descriptions,  however,  he  confounded  two  very  dis- 
tinct substances,  viz  :  the  mineral  proper  and  an  impure  variety 
of  it,  which,  while  possessing  the  general  crystal lographic  form, 
contained  but  a  small  portion  of  the  true  warwickite ;  in  fact, 
this  impure  variety  bears  about  the  same  relation  to  the  true 
mineral  as  the  siliceous  lime  crystals,  known  as  Fontainbleau 
limestone,  does  to  calcite.  The  pure  variety  occurs  in  small 
slender  crystals  detached  with  difficulty  from  the  gangue  ;  this 
form  was  not  analyzed  by  Professor  Shepard,  for  he  says  that 
one  of  the  crystals  that  furnished  material  for  his  examina- 
tion w^as  five  centimeters  long  by  one  centimeter  across,  and 
had  no  metallic  luster,  which  luster  really  marks  the  true  war- 
wickite, especially  on  the  cleavage  surfaces. 

The  result  of  JProfessor  Shepard's  analyses  were  so  different 
from  what  I  have  found  either  in  the  pure  or  impure  varieti^ 
that  it  is  needless  to  give  them  here. 

Subsequently  this  mineral  was  taken  up  by  Professor  T.  S. 
Hunt,  and  from  his  results  he  supposed  that  he  had  discovered 
a  new  mineral,  which  he  called  enceladite.  But  Professor  Hunt 
fell  into  the  same  error  as  Professor  Shepard  from  examining  an 
impure  mineral,  finding  as  much  as  18  per  cent  of  silica,  14  of 
alumina  and  7  of  water.  Subsequently  Professor  Hunt  exam- 
ined a  purer  specimen  and  gave  as  its  composition  : 

Titanic  acid 31-5 

Magnesia 43"5 

Peroxide  of  iron 8*1 

Loss  by  ignition 2*0 
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inalysis  showed  a  loss  of  nearly  20  per  cent,  which  he 
jht  had  occurred  by  an  accident  to  the  sand  bath  during 
nalysis  ;  and  not  having  any  more  of  the  material,  he  was 
le  to  verify  his  results. 

was  just  here  that  the  re-examination  of  this  mineral  was 
I  up,  which  soon  made  it  evident  that  the  pure  mineral 
lever  yet  been  analyzed.  The  utmost  care  was  taken  in 
Ling  tne  best  specimens  of  the  rock  containing  the  mineral, 
ihen,  by  mechanical  and  chemical  means,  in  separating  the 
ral  from  the  rock ;  then  again  in  crushing  up  the  small 
als  and  selecting  out  the  pure  little  fragments  under  a 
g  glass,  the  pieces  usually  not  being  more  than  a  milli- 
r  in  size;  ana  thus  nearly  as  much  time  was  consumed  in 
ting  and  purifying  the  mmeral  as  in  analyzing  it,  although 
Eitter  was  slow  work. 

ben  pure  warwickite  was  examined,  it  was  found  that 
3f  its  most  important  constituents  had  been  overlooked, 
so  little  of  the  pure  mineral  was  then  at  our  disposal, 
K)  difficult  was  it  to  separate  it  from  the  associated  min- 
,  that  all  that  could  be  arrived  at,  at  that  time,  was  the 
very  of  over  20  per  cent  of  boracic  acid,  and  the  estab- 
lent  of  the  fact  that  warwickite  was  essentially  a  boro- 
ite  of  magnesia  and  iron  (Am.  Joum.  Sci.,  11,  xvi,  293). 
3ce  obtaining  the  above  results,  I  have  procured  a  number 
Bces  of  the  rock  containing  the  small  crystals,  and  separated 
dent  for  analyses  in  a  nearly  pure  state ;  although,  from 
'act  that  almost  microscopic  crystals  penetrate  the  crystals 
arwickite,  it  is  impossible  to  separate  the  last  traces  of 
A.  When  the  mineral  is  powaered  in  the  mortar  the 
I  particles  of  spinel  will  be  felt,  and  with  a  magnifying 
can  be  discovered.  Notwithstanding  these  difficulties,  1 
atisfied  that  I  have  made  out  its  composition.  Its  physical 
icters  have  been  pretty  well  described  in  works  on  Miner- 
r.  Its  specific  gravity  as  made  out  by  me  is  8*862 ;  by 
h,  8*861  small  crystals,  3*428  large  crystals ;  and  by 
our,  3*355.  The  luster  of  the  cleavage  surface  is  very 
it  and  characteristic,  being  of  a  dark  hair-brown  or  chocolate 
.  It  is  very  readily  cleaved  in  the  direction  of  the  prism. 
ie  results  oi  my  analysis  are  as  follows  : 

Oxygen.  Ratio. 

Boracic  acid 27*80         1906  9 

Titanic  acid 23*82         10-37  6 

Magnesia 36*80         14-46  6 

Oxide  of  iron 7*02  2-10  1 

Silica 1*00 

Alumina 2-21z=98-66 
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The  silica  and  alumina  were  impurities,  the  alumina  arising 
from  spinel  that  it  had  been  impossible  to  separate,  and  which 
was  combined  with  a  little  of  the  magnesia ;  and  these  have 
been  deducted  in  making  out  the  oxygen  ratio.  Moreover,  the 
titanic  acid  obtained  in  the  analysis  retained  a  minute  quantity 
of  oxide  of  iron.  After  a  most  careful  study  of  the  compo- 
sition as  made  out  by  the  above  analysis,  confirmed  by  sev- 
eral other  partial  analyses,  I  feel  warranted  in  giving  the  follow- 
ing as  the  true  composition  of  warwickite  : 

_  Per  cent. 

3B       =  105-  30-67 

2Ti     =  81-  2.3-68 

eftg  =  121-44  36*36 

1*6    =  36-  10-49 


343-44  10000 

The  exact  formula  by  which  to  express  this  mineral  is  not 
easily  given,  as  we  know  nothing  of  compounds  containing  bora- 
cic  and  titanic  acid  associated  together ;  the  expression  I  am 
disposed  to  adopt  is  fig*B»  +  (Ag,fe)TiK 

1  would  remark  that  at  the  same  locality  from  which  the 
warwickite  comes,  there  occurs  a  titaniferous  spinel  contain- 
ing about  1 5  per  cent  of  magnesia,  as  analyzed  by  Rammelsberg, 
and  would  have  for  its  formula 

figTi  +  *eTi. 

Warwickite  is  the  only  borotitanate  thus  far  made  known. 

I  am  indebted  to  M.  Des  Cloiseaux  for  the  following  crystal- 
lographic  account  of  warwickite.  The  prisms  never  are  well 
terminated  :  thev  are  either  orthorhombic  or  clinorhombia 
The  forms  that  Des  Cloiseaux  has  observed  are  h*m  g^g^  and 
hVi^m  g^g\  The  angles  measured  by  him  are:  h'h'=162°6'\ 
A»m=135°  40';  h'g^   (over  m)  =109°,  A'^' =90°  2O'-9O°30', 

772^»=134:°20'-134°3o',^V'  (adjacent)=161°20'-i61°25',  g'h' 
(over  m)=108°  40'.  From  these,  M.  Des  Cloiseaux  calculates 
mm-=9r  20'  and  88°  40',  /i'A«  =  161°  58',  A»m=135°40',  h'g* 
=  108°  30',  Ay-90°,  m^^=134°  80',  ^^^=161°  10',  ^/?«=  108° 2'. 


Art.    XXXIX. — Our  ions   association   of  Garnet,   Idocrase  and 
Datolite;  by  J.  Lawrence  Smith,  Louisville,  Ky. 

Specimens  of  a  rock  were  sent  to  me  some  time  since  from 
Santa  Clara  in  California,  which  were  found  to  be  composed  of 
four  minerals  associated  together,  viz :  calcite,  which  represented 
the  rock  of  the  country  from  whence  it  came,  and  datolite, 
garnet  and  idocrase.  The  datolite  is  colorless  and  crystalline, 
without,  however,  presenting  any  crystals;  sp.  grav.  2-988.    It 
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is  perfectly  pure,  as  shown  by  the  following  analysis  of  a  por- 
tion from  which  the  calcite  was  carefully  separated  : 

Silica 3802 

Boracic  acid 21-62 

Lime 33-87 

Water 6-61 

99-12 

The  association  of  this  mineral  with  garnet  and  idocrase  is,  I 
believe,  now  mentioned  for  the  first  time. 

The  garnet  is  the  variety  cinnamon  stone ;  the  crystals  are 
very  large  and  perfect  dodecahedrons,  some  of  them  being 
three  or  four  centimeters  across.  They  have  a  greenish  color 
over  the  exterior,  and  are  cinnamon-colored  within  or  through 
the  mass  of  the  crystals ;  sp.  grav.  8 'SO.  An  analysis  of  the 
mineral  furnished  tne  followmg  results : 

Silica  : 4201 

Alumina II'IQ 

Sesquioxide  of  iron 6-06 

Oxide  of  manganese -20 

Lime 36 '01 

Magnesia -13 

100-17 

The  idocrase  occurs  in  compact  fibrous  crystals  of  a  green  color, 
the  crystals  themselves  not  being  suflSciently  distinct  to  exhibit 
the  true  crystalline  form.  What  is  most  singular,  the  idocrase 
penetrates  and  permeates  the  crystals  of  garnet,  losing  itself 
as  it  were  in  the  garnet ;  passing  off  by  such  insensible  shades, 
that  it  is  impossible  to  say  where  the  idocrase  terminates  and 
the  garnet  begins.  A  larse  crystal  of  garnet,  when  cut  in  two 
and  polished,  shows  the  idocrase  penetrating  it,  like  so  many- 
green  streamlets  through  the  interior.  Its  specific  gravity  is 
3  446.  A  portion  carenilly  separated  from  the  garnet  gave  the 
following  results : 

Silica 36-56 

Alumina 17*04 

Sesquioxide  of  iron 6'93 

Oxide  of  manganese -18 

Lime 36*94 

Magnesia 1-07 

Potash -61 

Loss  by  heat 2-00 

99-23 

I  know  of  no  locality  where  the  above  minerals  are  associated 
in  the  manner  described.     The  fact  respecting  the  garnet  and 
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idocrase  is  especially  interesting;  for  while  we  find  these 
minerals  frequently  associated,  we  have  nowhere  else  found 
the  crystals  of  the  two  penetrating  and  interlacing  each  other, 
so  as  to  form  between  them  a  uniform  mass,  yet  each  mineral 
retaining  its  identity. 

It  can  be  readily  understood  how  two  such  minerals  as  lime, 
garnet  and  idocrase  may  occur  in  the  manner  just  mentioned, 
when  we  consider  the  iormulse  of  the  two  : 

Garnet,  (iS»+iB)«gi» 

Idocrase,  (ift3+|fi)»gi^ 


Art.    XL. — On  a  new   method  of  investigating   tlie   Composite 
Nature  of  the  Electric  Discharge  ;  by  Alfred  M  Mayer. 

In  1842,  Professor  Joseph  Henry*  observed  that  when  a  nee- 
dle was  placed  in  a  helix  and  magnetized  by  the  discharge  of  a 
Leyden  jar,  the  direction  of  the  polarity  of  the  needle  varied 
with  the  '* striking  distance"  of  the  jar;  and  these  observa- 
tions led  Henry  to  the  discovery  that  the  discharge  was  mul- 
tiple, and  oscillatory  in  its  nature.  In  1862  Feddersenf  con- 
firmed Henry's  discovery,  on  examining  the  nature  of  the 
discharge  by  means  of  a  revolving  mirror.  Subsequently 
Rood  (in  a  series  of  classical  researches,  published  m  this 
Journal  in  1869-71-72)  studied  the  multiple  character  of  the 
discharge  of  the  inductorium  by  means  of  rotating  discs  perfor- 
ated with  narrow  radial  slits.  In  1873  Cazin  J  also  investigated 
the  discharge  with  the  rotating  disc.  The  method  I  have  de- 
vised leads  us  directly,  by  the  simplest  means,  to  phenomena 
which  cannot  be  revealed  by  either  revolving  mirror  or  rotating 
disc.  The  first  method  that  occurred  to  me  was  to  attach  a 
delicate  metallic  point  to  a  vibrating  tuning-fork,  and  to  send 
the  discharge  from  this  point,  through  lamp  blackened  paper,  to 
a  revolving  metallic  cyhnder,  on  which  the  paper  was  stretched. 
We  can  to  some  extent  analyze  the  electric  discharge,  in  these 
conditions,  from  the  series  of  perforations  left  in  the  paper 
in  the  trail  of  the  vibrating  fork.  This  method,  though  beauti- 
ful as  an  illustration,  is  useless  as  a  means  of  investigation ; 
for  the  metal  cylinder,  the  paper  and  the  fork  form  a  species  of 
Leyden  jar,  which  is  always  in  the  circuit  of  the  particular 
discharge  whose  nature  you  would  investigata  Tne  above 
method,  though  original  with  me,  cannot  be  claimed  as  my 

*  Proc.  Amer.  Phil.  Soc 

f  Ueber  die  electrische  Flaschenentladung,  Pogg.  Ann.,  vol.  cxvi,  p.  132. 

X  Journal  de  Physique,  toL  ii,  p.  262. 
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own,  having  recently  found  that  it  was  devised  by  Bonders,* 
and  has  been  used  in  an  investigation  by  NylanAf  To  get  rid 
of  inductive  action  in  the  registering  apparatus,  I  devised  the 
following  method:  A  cylinder  is  covered  wiih  thin  printing- 
paper,  and  the  latter  is  well  blackened  by  rotating  the  cylinder 
over  burning  camphor.  The  paper  is  then  removed  from  the 
cylinder,  and  cut  into  discs  of  about  16  cm.  in  diameter. 
When  one  of  these  discs  is  revolved  about  20  times  per  second, 
it  is  rendered  very  flat  by  centrifugal  action.  It  can  then  be 
brought  between  points  or  balls,  even  when  the  latter  are  sepa- 
rated by  no  more  than  f  mm.  When  in  this  position,  the  dis- 
charge between  the  points  or  balls  perforates  the  disc  and  leaves 
a  permanent  record  of  its  character,  of  the  duration  of  the 
whole  discharge,  and  of  the  intervals  separating  its  constituent 
flashes  and  sparks.  To  obtain  the  time  of  rotation  of  the  disc 
I  use  the  method  invented  by  Young  in  1807  (see  his  Natural 
Philosophy,  vol.  i,  p.  191).  That  is,  I  present  momentarilv  to 
the  rotating  disc  a  delicate  point  which  is  attached  to  a  vibrat- 
ing tuning-fork.  The  number  of  vibrations  per  second  of  this 
fork  has  been  determined  to  the  last  degree  of  precision  by 
means  of  a  break-circuit  clock,  which  seuas  at  each  second  a 
spark  from  an  inductorium  through  the  fork's  sinuous  trace  on 
blackened  paper,  covering  a  revolving  cylinder.  The  axis  of 
the  sinuous  line  on  the  disc  is  traced  with  a  needle  point,  and 
then,  on  drawing  radii  through  symmetrical  intersections  of  this 
axis  on  the  sinuous  line,  we  divide  the  disc  ofi*  into  known  frac- 
tions of  time.  The  disc  is  now  removed  from  the  rotating 
apparatus  and  the  carbon  is  fixed  by  floating  the  disc  for  a 
moment  on  thin  spirit-varnish.  When  the  disc  is  dry  and  flat, 
it  is  centered  on  a  divided  circle,  provided  with  a  low  power 
reading-microscope,  and  the  deviation  of  the  whole  discharge 
and  the  intervals  separating  its  components  can  be  determined 
to  the  yyijy  of  a  second. 

Many  results  have  been  obtained  with  this  apparatus.  I  de- 
fer their  publication  until  T  have  carefully  examined  them,  and 
have  extended  this  research  with  the  stuoj^  not  only  of  the  dis- 
charge of  the  inductorium,  but  also  of  the  frictional  machine,  of 
the  Leyden  jar  and  of  the  Holtz  machine,  under  every  con- 
dition of  charged  surface  and  of  striking  distance,  and  when  the 
current  is  flowing  freely  over  a  conductor  and  when  it  is  doing 
work.  I  here  present,  merely  as  examples  of  the  value  of  the 
method,  the  results  I  have  obtained  in  three  conditions  of  ex- 
periment 

♦  Onderzoekingen  gedaan  in  het  Physiologisch  Laboratorium  der  Utrechtsche 
Hoogeschool,  1868-69. 

f  Archives  N^rlandaises  des  Sciences  exactes  et  naturelles,  t.  t,  p.  292. 
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1.  Discharge  of  large  viduciortum  *  between  platinum  points  one 
mm.  apart     No  jar  in  the  circuit 

The  platinum  electrodes  were  neatly  rounded  and  formed  on 
wire  T*ff  mm.  in  diameter.    After  the  discharge  through  the  rotat- 
ing disc,  nothing  was  visible  on  it,  except  a  short  curve  formed  of, 
minute,  thickly -set  white  dots;  but,  on  holding  the  disc  be- 
tween the  eye  and  the  light,  it  was  found  to  be  perforated  witt 
88  clean  round  holes,  with  the  carbon  undisturbed  around  their 
edges.     The  portion  of  the  discharge  which  makes  these  holes 
lasts  ^^3  second,  and  the  holes  are  separated  by  intervals  which 
gradually  decrease  in  size  toward  the  end  of  the  discharge,  so 
that  the  last  spark-holes  are  separated  about  one-half  of  the  dis- 
tance which  separates  the  holes  made  at  the  beginning  of  the 
discharge.    The  average  interval  between  the  spark-holes  is  yj  j 
second.     After  this  portion  of  the  discharge  has  passed  there 
is  a  period  of  quiescence  lasting  about  y^Vw  second  ;   then 
follows  a  shower  of  minute  sparks,  which  forms   the  short 
dotted  line  above  spoken  of     This  spark-shower  lasts  ^  J,  of 
a  second,  and  is  formed  of  80  sparks ;  hence  the  average  interval 
separating  these  sparks  is  -^-^^^  second.     The  intervals  sep- 
arating these  sparks  are,  however,  not  uniform,  but  are  smaller 
in  the  middle  of  the  spark-shower  than  at  the  beginning  and  at 
the  end  of  this  phenomenon.     The  spark-shower,  ind^d,  is  a 
miniature  of  the  phenomenon  obtained  when  a  Leyden  jar  is 
placed  in  the  circuit  of  the  coil,  and  which  is  described  below. 
The  above  numbers  were  determined  as  the  average  measures 
on  six  discs.     It  is  here  to  be  remarked  that  all  of  the  dis- 
charges studied  in  this  paper  were  made  by  suddenly  depress- 
ing the  platinum  faced  "  break  "  of  the  primary  circuit,  and  the 
break  was  held  in  this  position  until  the  disc  had  been  removed 
from  between  the  points  or  balls. 

2.  Discharge  of  large  inductoriiim  between  phtinnm  poinU  one 
mm.  apari^  ivii/i  a  Leyden  jar  of  242  sq.  c?yi.  connected  with  th( 
terminals  of  (lie  secondary  coil. 

After  this  discharge  through  the  disc  a  very  remarkable 
appearance  is  presented,  the  full  description  of  which  I  reserve 
for  a  more  extended  paper.  The  discharge  in  its  path  around 
the  disc  dissipates  little  circles  of  carbon.  There  are  91  of 
these  circles,  each  perforated  by  4,  3,  2  or  1  holea  T  shall  here 
have  to  adopt  a  new  nomenclature  for  the  description  of  this 
complex  phenomenon.  I  call  the  whole  act  of  discharge  of  the 
coil,  the  discharge.  Those  separate  actions  which  form  the  little 
circles  by  the  dissipation  of  the  carbon  I  denominate  jfe^Ae^,  ami 
the  perforations  in  these  circles  1  call  sparks.  The  discliarge 
in  the  above  ex])eriment  lasts  ^'j  of  a  second.  The  flashe^i  at 
the  beginning  of  the  discharge  are  separated  by  intervals  aver- 

*  The  striking  distance  of  this  coil  between  brass  points  was  45  cm. 
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aging  ji  J  second  up  to  about  the  10th  flash  ;  after  this  the  in- 
tervals of  the  flashes  rapidly  close  up,  so  that  during  the  fourth 
fifth  of  the  discharge  they  follow  at  each  ^j'j^  of  a  second. 
During  the  last  fifth  of  the  discharge  the  intervals  between  the 
flashes  graduallv  increase,  and  the  last  flash  is  separated  from 
its  predecessor  oy  tttVt  of  a  second. 

3.  Discharge  of  large  inductorium  between  brass  balls,  one  cm,  in 
diameter,  separated  one  mm.,  with  a  Leyden  jar  of  242  sq,  cm. 
inner  coating,  connected  with  the  terminals  of  the  secondary  coiL 

This  discharge  also  lasts  ^^  second,  and  is  similar  to  the  pre- 
ceding, except  that  larger  circles  are  made  on  the  disc  by  the 
dissipation  of  the  carbon,  and  that  there  are  fewer  flashes,  viz., 
71.  The  total  number  of  spark-holes  in  these  flashes  is  123. 
Thus,  there  are  fewer  flashes  than  in  the  experiments  with  the 
platinum  points,  but  the  total  number  of  spark-holes  is  the 
same  in  each  case.  Hence  there  is,  on  an  average,  1*34  spark  to 
each  flash  with  the  points,  and  1*73  spark-holes  to  eacn  flash 
with  the  balls. 

Experiments  have  also  been  made  with  rotating  discs  formed 
of  "sensitized"  paper,  and  interesting  results  have  been  ob- 
tained. 

October  15,  1874. 


Art.  XLI.  —  On  the  Periodicity  of  the  Rainfall  in  the  United 
States  in  relation  to  the  Periodicity  of  the  Solar  Spots  ;  by  Pro- 
fessor John  Brocklesby,  of  Trinity  College,  Hartford,  Ct. 

The  researches  of  scientists,  especially  of  late,  lead  to  the 
conclusion  that  there  is  an  intimate  connection,  more  or  less 
marked,  between  the  solar  disturbances  and  various  terrestrial 
phenomena.  Thus,  upon  comparing  the  mean  daily  range  of 
the  magnetic  declination,  and  also  the  number  of  auroras  ob- 
served each  year,  with  the  extent  of  the  spots  on  the  solar  disk, 
a  striking  correspondence  is  observed  in  the  curves  which 
respectively  represent  these  phenomena.  A  periodicity  in  the 
cyclones  of  the  Indian  Ocean  and  West  Indies  corresponding 
with  that  of  the  sun-spot  area  is  asserted  by  Mr.  J.  N.  Lockyer 
to  have  been  established  by  Mr.  C.  Meldrum,  Director  of  the 
Meteorological  Observatory  at  Mauritius,  and  it  is  claimed  by 
Mr.  Meldrum  and  others  that  the  variation  in  the  annual  rain- 
fall conforms  also  to  the  sun-spot  cycle  of  about  eleven  years. 
Various  investigations  likewise  point  to  the  inference  that 
changes  in  the  annual  temperature  of  the  atmosphere  occur  in 
cycles  of  ten  or  eleven  years,  coincident  with  those  of  the  solar 
commotions. 
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It  is  proposed  in  this  paper  to  discuss  the  alleged  connection 
between  the  variations  in  the  annual  rainfall  and  the  variations 
in  the  extent  of  the  solar  spots,  as  regards  this  continent,  so 
far  as  we  have  data  for  the  sama 

At  the  meeting  of  the  British  Association  last  vear,  Mr. 
Meldrum,  in  a  paper  on  the  **  Periodicity  of  Cyclones  and 
Rainfall  in  connection  with  the  Sun-spot  Periodicity,"  remarked 
as  follows:  "With  the  help  of  the  researches  of  Mr.  Lockyer, 
Mr.  Symons  and  Dr.  Jelinek  of  Vienna,  I  have  now  examined 
ninety-three  tabies  of  rainfall  for  various  parts  of  the  world, 
and  I  find  that,  scarcely  without  exception,  more  rain  falls  in 
maxima  than  in  minima  sun-spot  years.  So  far  as  observationg 
go,  Europe,  Africa,  America,  and  Australia  give  very  favorable 
results.  Asia  is  represented,  however,  only  by  three  stations, 
and  France,  which  affords  as  yet  only  five  stations,  is  the  only 
European  country  which  presents  results  opposed  to  the 
theory." 

From  the  comparatively  small  number  of  the  tables  of  rain- 
fall which  Mr.  Meldrum  gives,  and  from  his  silence  upon  the 
subject,  we  may,  I  think,  safely  conclude  that  he  did  not  con- 
sult Mr.  Charles  A.  Schott's  elaborate  article  on  the  "Eainfall 
in  the  United  States,"  published  by  the  Smithsonian  Institu- 
tion, a  work  which  embraces  abstracts  of  records  of  aqueous 
precipitation  from  about  twenty-two  hundred  stations.  The 
investigations,  therefore,  of  Mr.  Meldrum,  so  far  as  this  country 
is  concerned,  may  be  regarded  as  incomplete. 

As  the  following  discussion  is  based  upon  Mr.  Schott^s  tables, 
it  may  not  be  amiss  to  state  briefly  in  what  manner  they  have 
been  so  constructed  and  arrangea  that  the  variations  in  the 
annual  rainfall  throughout  the  United  States  admit  of  ready 
comparison  with  the  changes  in  the  extent  of  the  solar  spots. 

From  the  whole  number  of  stations  whose  mean  annual  rain- 
falls are  respectively  recorded,  Mr.  Schott  selects  one  hundred 
and  seven,  wnich,  on  account  of  their  extent  of  record,  involve 
the  smallest  probable  errors  in  their  average  rainfalls ;  and  he 
then  ascertains  the  ratio  of  each  annual  rainfall  to  the  average 
yearly  rainfall  for  every  one  of  these  stations.  The  period  of 
record  of  these  stations  extends,  with  greater  or  less  intervals, 
from  1799  to  1867. 

To  free  these  ratios  from  accidental  irregularities  and  to  ex- 
hibit the  nature  of  the  fluctuations  from  year  to  year  more  dis- 
tinctly, the  author  unites  them  in  groups,  formed  of  stations 
where  the  annual  rainfall  appears  subject  to  the  same  laws. 
Group  I  is  composed  of  stations  on  the  Atlantic  sea  board,  ex- 
tending from  Maine  to  Virginia.  Group  II  comprises  the 
State  of  New  York,  and  adjacent  parts  of  Canada,  New  Hamp- 
shire, Massachusetts  and  Vermont ;  group  III  includes  parts 
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of  Iowa,  Minnesota,  Ulinois  and  Wisconsin;  group  17  em- 
braces the  Ohio  Valley,  Ohio,  Illinois,  Indiana,  Kentucky  and 
part  of  Missouri ;  group  V  is  formed  of  the  Indian  Territory 
and  Arkansas ;  group  VI  comprises  Louisiana,  Alabama  and 
West  Florida ;  group  VII  comprehends  the  s^-coast  from  Vir- 
ginia to  Florida,  and  group  VIII  includes  the  seacoast  of  Cali- 
fornia. 

In  these  groups  the  percentage  of  the  mean  amount  of  rain- 
fall is  tabulated  for  each  year  oi  observation,  the  longest  period 
of  record  extending  from  1804  to  1867. 

From  the  data  thus  afforded  curves  are  constructed  which 
present  to  the  eye  the  annual  fluctuations  of  the  rainfall  over 
the  vast  region  embraced  by  these  groups*  Mr.  Schott  speaks 
briefly  of  the  connection  between  the  solar  disturbances  and 
the  rainfall,  stating  that  the  rain  curve  for  1837-8  shows  a  de- 
cided minimum  in  precipitation,  when  there  was  a  marked 
maximum  of  solar  activity ;  but  that  the  two  phenomena  lead 
to  an  opposite  conclusion  about  the  epoch  of  1865-6  ;  a  mini- 
mum of  rainfall  then  occurring  with  a  minimum  extent  of  sun- 
spot  area.  He  does  not  enter  into  any  detailed  investigation  of 
this  supposed  connection. 

Under  these  circumstances,  it  appears,  therefore,  desirable,  in 
order  to  detect  what  connection,  if  any,  exists  between  the  fluc- 
tuations of  the  annual  rainfall  and  the  variations  in  the  extent 
of  the  solar  spots,  that  these  phenomena  should  be  comj)ared 
either  year  by  year,  or  by  groups  of  years ;  and  this  it  is  now 
proposed  to  do. 

Taking  Dr.  Wolfs  table  of  the  relative  extent  of  sun-spots 
for  each  year,  within  the  period  from  1804  to  1867  inclusive, 
in  which  period  the  yearly  percentage  of  the  average  rainfall  is 
also  given  in  Mr.  Schotfs  table  of  territorial  groups,  two 
methods  of  comparison  can  be  employed  if  we  wish  to  ascer- 
tain whether  an  annual  excess  of  sun-spot  area  is  attended  by 
an  excess  of  annual  rainfall,  and  vice  versa.  The  first  mode  is 
to  take  the  average  of  the  numbers  representing  the  relative 
extent  of  the  spots  for  the  period  mentioned,  viz :  from  1804 
to  1867,  then  to  note  the  years  in  the  period  that  are  above  or 
below  the  average ;  and  next  to  place  the  percentage  of  the 
mean  annual  rainfall  opposite  each  year.  We  can  thus  detect 
whether  an  excess  of  sun-spot  area  in  any  year  is  marked  by  an 
excess  of  rain  and  deficiencv  of  the  former  by  a  deficiency  of 
the  latter,  or  whether  no  such  law  exists.  The  second  method 
is  that  adopted  by  Mr.  Meldrum,  who  makes  the  comparison 
by  forming  quinquennial  sets,  taking  two  years  on  each  side 
of  the  maximum  year  for  a  maximum  set,  and  two  on 
each  side  of  the  minimum  year  for  a  minimum  set ;  or  where 
this  is  not  possible,  a  triennial  group  is  formed. 
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Proceeding  by  the  first  method,  it  is  found  that  the  average 
sun-spot  area  for  the  period  extending  from  1804  to  1867  inclu- 
sive is  denoted  by  the  number  88.  Taking  now  each  year  of 
this  period,  the  year  is  printed  in  heavy  or  light  type,  accord- 
ing as  the  number  representing  its  sun-spot  area  is  greater  or 
less  than  88 ;  heavy  type  indicating  an  excess  and  light  tj'^pe  a 
deficiency.  Each  year  is  then  also  marked  plus  or  minus  from 
Mr.  Schott*s  table  of  territorial  groups,  according  as  its  rain- 
fall is  above  or  below  the  mean. 

This  being  done,  we  have  the  following  results.  In  group  I, 
comprising  the  seaboard  from  Maine  to  Virginia,  there  are 
twenty-nine  years  in  which  the  sun-spot  area  is  above  the  aver- 
age. In  seventeen  of  these  the  rainfall  is  in  excess,  in  ten 
below  the  average,  and  in  two  eaual  to  it  In  this  group  there 
are  also  thirty -five  years  when  tne  sun-spot  area  is  below  the 
average.  Out  of  these  there  are  sixteen  years  when  the  rain- 
fall is  in  excess  and  nineteen  years  when  it  is  below  the  mean. 

In  group  II,  comprising  the  State  of  New  York  and  adjacent 
parts  of  Canada,  New  Hampshire,  Massachusetts  and  Ver- 
mont, there  are  twenty-five  maxima  sun-spot  years.  In  fifteen 
of  these  the  annual  rainfall  is  in  excess,  in  nine  below  the 
mean,  and  in  one  equal  to  it  There  arc  also  in  this  group  sev- 
enteen minima  sun-spot  years,  and  in  these  the  rainfall  is  in 
excess  seven  times,  below  the  mean  eight  times,  and  equal  to  it 
twice. 

In  group  IV,  a  region  embracing  the  Ohio  Valley,  Ohio,  Indi- 
ana, Illinois,  Kentucky,  and  part  of  Missouri,  there  are  twenty- 
five  years  of  excess  of  sun-spot  area,  and  in  thirteen  of  these 
the  rain  fell  is  in  excess  of  the  mean,  in  twelve  below  it,  and  in 
one  equal  to  it  There  are  also  in  this  ffroup  twenty-five  years 
when  the  extent  of  sun-spots  is  below  the  average,  and  in  nine 
of  these  the  rainfall  is  above  the  mean,  in  fourteen  below  the 
mean,  and  in  two  equal  to  it 

The  tables  of  precipitation  belonging  to  these  three  groups 
are  regarded  by  Mr.  Schott  as  tolerably  trustworthy,  and  the 
results  of  the  comparison  show  a  tendency  on  the  whole 
toward  an  excess  of  rain  when  there  is  an  excess  of  sun-spot 
area,  and  vice  versa.  Yet  we  meet  here  with  marked  anoma- 
lies; for  in  the  period  from  1818  to  1826  inclusive,  which  are 
years  of  deficiency  in  solar  activity,  six  annual  rainfalls  out  of 
the  nine  are  above  the  mean  ;  and  from  1835  to  1840  inclusive, 
which  are  years  of  excess  in  the  sun-spot  area,  all  the  annual 
rainfalls  in  the  three  groups  are  below  the  average,  except  in 
one  instance.  Moreover,  as  we  see  by  the  table,  years  of  excess 
and  deficiency  of  rainfall  are  found  as  well  in  the  periods  when 
the  sun-spot  area  is  above  the  mean  as  in  those  where  it  is 
below  it 
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Passing  now  to  the  other  territorial  groups,  the  results  from 
which  are  to  be  regarded  as  only  rough  approximations  toward 
the  truth  on  account  of  the  insuflBciency  of  the  stations,  we 
obtain  the  following  results  from  all  these  taken  together.  In 
the  years  when  the  extent  of  the  spots  is  in  excess,  the  annual 
rainfall  is  above  the  mean  thirty-five  times,  below  it  thirty- 
seven  times,  and  equal  to  it  five  times.  In  the  years  when  the 
sun-spot  area  is  below  the  mean  the  rainfall  is  below  the  aver- 
age thirty-two  times,  above  it  twenty  times,  and  equal  to  it  six 
times. 

Taking  now  all  the  groups  which  embrace  so  large  a  portion 
of  the  United  States,  we  obtain  the  following  results  in  refer- 
ence to  the  subject  before  us : 


Sun-spot 

area- 

Ratio  of  the  excess  of 

nin&ll  (above  the 

mean)  in  deficiency. 

From  1804  to  1806 

(inclusive),* 

above  the 

mean, 

:  1 

1806  to  1815 

below 

6:  4 

1816  to  1817 

above 

0:  2 

1818  to  1826 

below 

6  :  12 

1827  to  1831 

above 

2:  4 

1832  to  1834 

below 

6:  7 

1835  to  1840 

above 

6  :  29 

1841  to  1845 

below 

12  :  19 

1846  to  1852 

above 

31  :  18 

1853  to  1857 

below 

8  :  28 

1858  to  1864 

abo\e 

31  :  15 

1865  to  1867 

below 

15  :  3 

For  the  reasons  already  stated,  namely,  that  groups  I,  II  and 
TV.  are  only  to  be  regaraed  as  trustworthy,  and  that  the  rest 
give  but  rough  approximations,  the  above  results  must  be 
taken  with  great  allowance.  As  they  stand  they  are  full  of 
anomalies,  about  half  the  results  favoring  and  the  rest  contra- 
dicting the  law  which  is  supposed  to  exist  between  the  rainfall 
and  the  extent  of  the  sun-spot  area. 

The  results  obtained  by  this  first  method  of  comparison  are 
exhibited  in  the  annexed  table.     (Table  I.) 

The  second  mode  of  investigating  any  relation  which  may 
exist  between  the  annual  fluctuations  in  the  extent  of  the  solar 
spots  and  the  variations  in  the  yearly  rainfall,  consists  in  form- 
ing groups  of  years,  by  taking  one  or  two  years  on  each  side  of 
the  maximum  and  minimum  year  of  any  sun-spot  period.  As 
the  mean  secular  period  of  the  spots  is  about  eleven  years, 
quinquennial  groups  can  generally  be  formed  of  maximum  and 
minimum  years  of  sun-spot  area.  When  the  period  is  short, 
triennial  groups  can  be  taken.  This  is  the  method  adopted  by 
Mr.  Meldrum  and  other  distinguished  meteorologists. 

*  In  1804  the  rainfall  equals  the  mean  also. 
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Proceeding  in  this  manner,  maxima  and  mioiraa  sun-spot 
seta  of  years  are  formed  from  1808  to  1862  inclusive,  Tlien 
the  sum  of  the  excess  or  deficiency  of  the  rainfall  in  respect  to 
its  mean,  is  found  for  each  set  of  years  for  the  regions  com- 
prised in  the  I,  II  and  IV  territorial  groups  of  Mr.  Schott's 
tables.  The  results  obtained  are  shown  in  tne  foUowios;  table. 
(Table  IL) 

In  this  table  we  have  five  maxima  sets  of  years  and  five 
minima,  aa  respects  the  extent  of  the  sun-spots.  In  the  first 
territorial  group,  comprising  the  sea  coast  from  Maine  to  Vir- 
ginia, the  results  in  the  maxima  years  conform  to  the  sup- 
posed law  three  times  and  twice  are  unconformable.  In  the 
minima  years  they  are  four  times  conformable  and  once  un- 
cm  form  able. 

In  tlie  second  territorial  group,  embracing  New  York  State 
and  the  adjacent  parts  of  Canada,  Massachusetts  and  New 
Uampshire,  the  results  in  the  maxima  years  agree  with  the 
law  twice  and  disagree  twice,  and  in  the  minima  years  they 
accord  with  the  law  twice  and  are  opposed  to  it  once.  The 
observations  in  this  group  extend  over  only  four  maxima 
and  three  minima  sets  of  years. 

In  the  fourth  territorial  group,  comprising  the  Ohio  Valley, 
Ohio,  Indiana,  Illinois,  Kentucky,  and  part  of  Missouri,  the 
observations  extend  over  four  maxima  and  four  minima  sets 
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of  years.  The  resalts  id  the  maxima  sets  conform  to  the  law 
twice  and  twice  are  unooaformable,  while  in.  the  minima  sets 
of  years  they  are  in  accordance  with  it  three  times  and  are 
uniaTorable  once. 

Tabu  H 
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If  we  now  take  the  sum  of  the  results,  embracing  all  the 
three  territorial  groups,  it  is  seen  that  in  the  five  maxima  sets 
of  years  there  is  an  excess  of  rainfall  three  times  and  a  defi- 
cienev  twice,  and  that  in  the  five  minima  sets  of  years  there 
is  a  deficiency  five  times,  the  result  being  in  entire  conformity 
to  the  supposed  law. 

Yet  amid  these  results  striking  anomalies  are  found,  for  in 
the  maximum  set  of  years  extending  from  1814  to  1818,  there 
is  a  deficiency  of  31  per  cent  of  the  mean;  and  from  1835  to 
1839,  which  are  maxima  years,  the  three  territorial  groups  all 
present  results  below  the  mean,  the  first  giving  —'03,  the  second, 
—  •60,  and  the  last  —-55. 

In  view  of  the  results  obtained  from  these  two  modes  of  in- 
vestigation, I  think  we  may  venture  to  infer,  that  so  far  as  trust- 
worthy observations  have  been  made  throughout  the  United 
States,  they  point  to  a  connection  existing  between  the  variations 
in  the  sun-spot  area  and  those  of  the  annual  rainfall,  the  rain- 
fall tending  to  rise  above  the  mean  when  the  sun-spot  area  is  in 
excess,  and  to  fall  below  when  there  is  a  deficiency  of  solar 
activity. 


Art.  XLIL — On  Serpentine  Pseudomorphs,  and  other  kinds^ 
froTn  the  Tilly  Foster  Iron  Mine,  Putnam  Co.,  New  York  ;  by 
James  D.  Dana.    With  plates  VI  and  VII. 

[Gontinued  from  page  381.] 

6.  Pseitdomorphs  after  Chondrodite, 

There  is  little  of  the  massive  chondrodite  of  the  ore-bed 
that  is  not  penetrated  throughout  with  serpentine;  and  much  of 
it  is  so  thoroughly  so  that  it  would  be  difficult  to  separate  pure 
grains  for  an  analysis,  while  some  of  it  is  wholly  serpentine. 
The  chondroditic  rock,  even  that  in  the  mine  before  its  removal, 
is  often  so  fragile,  from  the  alteration  which  it  has  undergone, 
that  it  falls  to  pieces  easily  when  struck  with  a  hammer. 

In  the  change  to  serpentine  the  honey -yellow  chondrodite 
becomes  pale  yellow,  then  grayish  yellow  and  grayish  green, 
and  finally  pale  bluish  green  to  whitish ;  while  the  garnet-red 
variety,  which  contains  more  iron,  becomes  first  reddish  brown, 
some  unaltered  chondrodite  grains  being  still  present,  and 
finally  smoky  blue  to  dark  green.  Much  of  the  imbedded 
bluisli  serpentine  derived  from  the  alteration  of  chondrodite 
has  some  of  the  unaltered  chondrodite  still  remaining  about 
the  exterior  of  the  mass,  while  other  portions  or  imbedded 
masses  in  the  same  rock  are  wholly  serpentine. 
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Among  the  specimens,  one  kind  is  a  dark  olive-green  ser- 
pentine marked  with  pale  bluish  green  spots  a  sixth  to  a  fourth 
of  an  inch  across.  The  spots  have  a  darker  green  center,  and 
hence  look  a  little  like  concretions  ;  but  some  of  them  toward 
one  side  of  the  specimen  are  partly  unaltered  chondrodite, 
and  thus  prove  that  all  are  derived  from  the  alteitition  of  this 
mineral.  The  chondrodite  was  disseminated  through  another 
mineral  which  is  now  the  dark  green  serpentine ;  and  this 
other  mineral  may  have  been  granular  chlorite.  The  speci- 
mens consist  in  part  of  dolomite,  and  this  dolomite  is  also 
spotted  with  the  pale  serpentine,  just  as  dolomite  often  is  with 
unaltered  chondrodite. 

Other  specimens  are  a  massive  granular  dolomite  sprinkled 
with  large  grains  of  serpentine,  but  with  some  of  the  grains 
on  one  side  still  chondrodite,  either  wholly  or  in  part,  and, 
also,  with  some  of  the  serpentine  grains  having  the  crystalline 
form  of  the  chondrodite,  leaving  no  doubt  as  to  their  pseudo- 
morphous  character.  The  specimens  are  very  similar  to  others 
from  Amity,  Orange  Co.,  New  York,  in  the  cabinet  of  Profes- 
sor Brush. 

No  mineral  in  the  region  is  so  generally  altered  as  the  chon- 
dr«)dite.  Its  crystals  have  withstood  the  change  better  than 
the  massive  kinds  because  of  their  hard  nature  and  polished 
surfaces ;  but  these,  wherever  reached  by  the  serpentine,  are 
often  penetrated  by  it,  besides  being  enleebled  in  lustre.  A 
coveriii<^  of  clilorite  has  been  no  protection,  as  this  was  almost 
as  easy  of  change  as  the  chondrodite :  and  only  the  crystals 
under  crystallized  dolomite  or  brucite  retain  their  brilliancy. 

6.  Pseudomorphs  after  Enataiite. 

The  large  fibrous  masses  of  enstatite  often  have  the  exterior, 
or  else  one  end,  changed  to  a  dark  green  serpentine;  and  from 
the  serpentine  end  there  is  a  gradual  transition  to  the  unaltered 
enstatite.  Besides  these  cases  of  incomplete  alteration,  other 
specimens  are  serpentine  throughout  In  one  of  the  specimens, 
the  ends  of  the  crystals,  consisting  of  dark  green  serpentine, 
project  from  a  lamellar  pale  green  serpentine  ;  and  the  latter  is 
also  penetrated  by  the  dark  green  variety  in  columnar  forms. 
The  cleavable  massive  enstatite  has  undergone  the  same  change 
as  the  fibrous.  The  green  color  of  the  serpentine  from  both  is 
dark,  owing  to  the  amount  of  iron  present ;  and,  when  the 
change  is  most  complete,  no  trace  of  the  original  cleavable  or 
fibrous  structure  is  left. 

7.  Pseudomorphs  after  Somhlende, 

The  coarsely  crystalline  massive  hornblende,  of  greenish- 
black  color,  occurs  altered  to  serpentine ;  part  still  showing  its 
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original  crystalline  composition,  and  having  the  external  char- 
acters of  Schiller  spar,  and  other  portions,  where  the  change 
is  more  complete,  being  devoid  of  all  structure,  and  true 
serpentine. 

The  serpentine  of  these  pseudomorphs  has  the  same  dark 
green  color  as  that  from  the  enstatite,  and  thus  dijBFers  widely 
from  that  derived  from  the  alteration  of  ripidolite. 

8.  Pseudomorphs  after  Biotite, 

The  large  grayish-black  or  brownish-black  masses  of  biotite, 
the  plates  of  which  are  3  or  4  inches  across,  are  sometimes 
changed  to  a  dark  green  serpentine.  The  transition  from  the 
unaltered  part  of  a  plate  to  the  altered  sometimes  takes  place 
through  the  intermediate  stage  of  a  chlorite — the  folia  becoming 
green  and  inelastic ;  then,  beyond  this,  they  are  purely  ser- 
pentine, and  lose  finally  all  traces  of  the  micaceous  structure. 
As  the  mineral  resembles  the  chlorite  in  having  cleavage  joints, 
though  less  open,  the  change  has  often  been  limited  by  divi- 
sional plates ;  and  the  altered  end  of  a  group  of  plates  looks 
sometimes  like  a  mere  juxtaposed  mass  of  serpentine.  But  the 
structure  and  surface  lining  of  the  biotite  may  in  some  parts 
be  traced  into  the  serpentine. 

9.  Pseudomorphs  after  Dolomite. 

The  dolomite  of  the  ore  bed  is  in  some  parts  changed  to  ser- 
pentine of  an  apple-green  color.  The  specimens  of  dolomite 
sprinkled  with  aark-colored  spots  of  serpentine  derived  from 
cnondrodite  contain  some  apple-green  serpentine  derived  from 
dolomite — the  passage  of  the  dolomite  grains  into  the  serpen- 
tine being  distinct  In  other  cases  imbedded  masses  of  dolo- 
mite have  the  exterior  for  a  fourth  or  a  half  of  an  inch  changed 
to  apple-green  serpentine,  while  the  interior  is  unchanged  ;  the 
cleavage  planes  of  the  latter  may  sometimes  be  traced  a  little 
ways  into  the  former,  but  for  the  most  part  the  serpentine  has 
the  ordinary  massive  or  structureless  character.  Such  serpen- 
tine effervesces  for  a  while  in  dilute  hydrochloric  acid,  owing 
to  a  portion  of  dolomite  still  present. 

10.  Pseudomorphs  after  Brucite, 

One  of  the  imbedded  masses  of  dolomite  having  an  exterior 
of  apple-green  serpentine — about  two  by  three  inches  in  its 
dimensions — contains   fibrous    brucite   distributed   through   a 

f)ortion  of  it,  and  wholly  replacing  some  of  it — as  more  particu- 
arly  described  beyond  (p.  453) — and  this  brucite  has  partici- 
pated in  the  change  to  serpentine  undergone  by  the  dolomita 
The  fibrous  structure  of  the  brucite  may  here  and  there  be 
traced  into  the  serpentine. 
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11.  Rectangular  tables  or  plates  after  an  unknown  mineral, 

(1.)  General  structure. — Figure  8,  on  plate  Vll,  represents,  en- 
larged ten  diameters,  a  small  portion  (four-tenths  of  an  inch 
broad)  of  a  pseudomorphous  mass  of  serpentine  which  is  two  to 
three  inches  thick.  Thin  green  plates  are  distributed  through 
a  grayish  white  or  whitish  base.  Transverse  sections  of  the 
thin  plates  are  shown  in  this  figure ;  their  thickness  is  mostly 
between  a  hundredth  and  a  sixth  of  an  inch.  The  outlines  of 
the  sections  are  generally  very  exactly  rectangular ;  but  some 
of  them  have  various  oblique  angles,  as  shown  in  figs.  116,  c, 
d,  e,  and  occasionally  they  are  six-sided  (fig.  11a) — ^forms  which 
obbque  sections  of  rectangular  tables  would  have. 

The  thin  plates  are  really  portions  of  crystals  dissected  out 
or  developea  in  consequence  of  the  existence  of  cleavage-joints 
in  the  original  mineral,  in  the  same  manner  as  has  been  exem- 

Slified  in  ripidolite  (p.  381),  and  in  the  cubic  pseudomorphs 
3.  375).  For  a  group  of  such  plates  is  sometimes  united  at 
one  end,  or  elsewhere,  into  a  single  thick  plate,  as  illustrated  in 
diflferent  parts  of  figure  8.  They  are  those  plates  or  blocks  of 
a  crystal  in  which  the  alteration  has  not  gone  so  fer  as  to 
obliterate  all  the  color  of  the  original  mineral,  while  the  white 
layers  between,  consisting  of  whitish  serpentine,  are  the  blocks 
or  portions  in  which  the  change  was  carried  to  the  removal  of 
all  coloring  matter.  Even  these  green  plates  show  through 
their  interior  that  they  are  partly  changed  to  the  white  serpen- 
tine; for,  as  figure  8  shows,  the  sections  are  spotted  irregularly 
with  white  or  greenish  white,  and  sometimes  have  an  even  line 
of  white  serpentine  along  the  middle,  indicating  a  partial  sub- 
division of  tiie  plate. 

In  the  specimens  there  are  a  few  examples  of  a  projecting 
solid  angle,  or  solid  edge,  of  a  tabular  crystal ;  and  one  of  the^e 
is  represented  enlarged  ten  times  (like  fig.  8)  in  fig.  9.  The 
edges  are  rectangular.  The  upper  surface,  or  that  parallel  t.-^ 
the  planes  of  perfect  cleavage,  is  a  little  paler  in  color  than  the 
others.  Moreover,  the  surface  while  smooth  and  even,  is  faintly 
striated  in  one  direction ;  and  the  lateral  plane  toward  which 
these  strifle  point  is  horizontally  striated.  In  the  lateral  sur- 
faces of  the  same  tabular  crystal  there  are  white  lines  or 
rectangular  patches,  which  are  the  edges  of  some  of  the  white 
serpentine  plates  in  the  interior.  At  the  bottom,  and  also  at 
the  top  to  the  right,  there  are  alternations  of  green  and  white 
layers,  which  correspond  to  the  green  and  white  plates  of  fig.  8. 
The  planes  in  the  pseudomorphous  mass  are  often  parallel  or 
nearly  so  through  a  thickness  of  a  third  of  an  inch,  and  rarely 
a  half;  but  generally  they  are  placed  at  all  angles  toward  one 
another,  and  some  are  bent  or  contorted.  Small  portions  are 
massive  serpentina 
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The  condition  of  another  portion  of  one  of  the  specimens  is 
shown  in  fig.  10 ;  it  represents  a  polished  surface,  four-tenths 
of  an  inch  wide,  enlarged  about  ten  times.  (To  avoid  errone- 
ous deductions  from  the  figures,  the  amount  of  enlargement 
should  be  kept  in  mind.)  The  rectangular  forms  are  here 
shown  and  also  various  grades  in  the  pseudomorphous  change, 
fipom  that  of  dark  green  serpentine  to  grayish  green,  bluish 
white,  and  white. 

(2.)  Clouded  band  encircling  the  plates.  —  About  the  green 
plates,  and  nearly  parallel  to  their  surfaces,  the  whitish  serpen- 
tine is  often  marked  with  a  clouded  band,  which  deepens  in 
color  away  from  the  plate,  as  illustrated  toward  the  left  and 
right  sides  of  fig.  8  and  also  in  fig.  10.  The  color  of  these 
bands  is  sometimes  as  dark  as  that  of  the  green  plates ;  but  it 
is  generally  paler ;  and  sometimes  of  a  faint  bluish  shade,  as 
shown  in  the  whitish  areas  of  fig.  10.  A  portion  of  one  of  the 
dissected  plates  with  its  encircling  clouded  band  of  green  is 
shown,  enlarged  10  times,  in  fig.  12 ;  the  color  in  this  case  was 
dark  green,  as  represented. 

(8.)  Air-cells, — Another  remarkable  feature  of  these  pseudo- 
morphs  is  the  existence  of  air-cells  in  great  numbers  in  the 
whitish  serpentine,  alongside  of  many  of  the  plates.  They 
are  sometimes  directly  in  contact  with  the  green  plates,  and 
then  may  be  seen  through  them  when  a  flat  surface  is  exposed, 
as  in  one  of  the  upper  plates  of  fig.  9.  Fig.  18  represents 
such  a  surface-uncovered,  magnified  10  times.  They  are  often 
in  considerable  numbers  along  the  outer  edge  of  the  clouded 
band  just  described.  In  fig.  12,  the  outside  dots  are  the  posi- 
tions of  these  microscopic  air-cells*  The  margin  of  the  clouded 
band  in  the  right  half  of  fig  8  has  numerous  air-cells  in  the 
specimen.  Owing  to  the  great  numbers  of  these  minute  air- 
cells,  the  pseudomorphous  mass  is  light,  about  a  twelfth  of  the 
mass  being  air.  According  to  trials  made  for  me  by  Mr.  George 
W.  Hawes,  assistant  in  the  Mineralogical  Department  of  the 
Sheffield  Scientific  School  of  Yale  College,  the  specific  gravity 
before  the  included  air  is  expelled  is  2*80,  and,  after  its  expul- 
sion by  simple  boiling  in  water,  248. 

(4.)  Composition, — The  pseudomorphous  mass  is  serpentine, 
both  the  green  portions  and  the  white,  as  shown  through  an 
analysis  by  Mr.  Hawes,  who  has  given  me  the  following  state- 
ment of  his  results. 

^'The  analysis,  made  on  an  equal  mixture  of  the  green  and 
white,  afforded  —  SiO  -  41  -80 

AIJO3  0-96 

FeO  4-65 

MgO  38-55 

HO  13-95 

99*90 
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The  oxygen  ratio  for  ft,  3i,  d,  is  3 :  4:  2-3.  The  materials  of  both 
the  green  and  white  portions  is,  therefore,  serpentine.  The  dif- 
ference in  color  is  occasioned  by  the  presence  of  iron  in  greater 
quantity  in  the  green,  as  is  shown  by  igniting  fragments,  when  the 

freen  turns  black  and  the  white  is  unaltered ;  the  green  gives  a 
eep  iron  color  to  the  borax  bead  and  the  white  only  a  faint  iron 
reaction.  The  solution  of  the  different  minerals  points  to  the 
same  difference." 

(5.)  Conclimons. — The  following  conclusions  flow  fix>m  the 
facts  that  have  been  stated. 

1.  The  original  mineral  was  crystallized  in  tabular  rectangu- 
lar forms,  and,  as  the  strise  and  angles  show,  was  ortborhombic 

2.  The  tabular  crystals  were  half  an  inch  and  less  in  thick- 
ness, and  probably  were  imbedded  in  an  uncrystallized  mass  of 
the  same  composition. 

8.  Cleavage  was  very  easy  parallel  to  one  of  the  planes,  the 
basal  plane  of  fig.  9,  and  much  less  so  parallel  to  one  or  both  of 
the  otters ;  and  as  the  subdivision  into  blocks  or  plates  by 
pseudomorphism  shows,  there  were  many  cleavage-joints. 

4.  The  color  was  dark  green  or  greenish  black ;  but  perhaps 
paler  on  the  basal  plane. 

5.  The  crystals  had  considerable  luster,  some  still  remaining 
on  the  striated  surface  of  the  green  plates. 

6.  The  specific  gravity  was  low. 

7.  The  mineral  contained  some  protoxide  of  iron  ;  ibe 
clouded  bands  that  border  or  encircle  some  of  the  plates  have 
been  produced  through  the  escape  of  coloring  matter  from  the 
green  plates  while  the  alteration  was  in  progress ;  and  this 
coloring  matter  contained  iron.  Moreover,  the  various  serpen- 
tine pseudomorphs  of  the  Tilly  Foster  Iron  Mine  are  never 
dark  green,  except  when  the  original  mineral  contained  con- 
siderable iron. 

8.  It  contained  also  some  material  that  escaped  as  a  gas — as 
the  numerous  air-cells  alongside  of  the  plates  and  the  clouded 
bands  show.  The  air-cells  are  in  the  white  serpentine  and  not 
often  in  the  green.  There  are  no  facts  in  connection  with 
pseudomorphs  after  chondrodite  (a  fluorine-bearing  mineral), 
or  after  dolomite  (a  carbonate),  to  indicate  that  either  fluorine 
or  carbonic  acid  was  the  gas  that  escaped. 

9.  The  mass  of  the  original  mineral  was,  to  a  large  extent, 
pressed  out  of  shape,  while  softened  during  the  pseudoraor- 
phic  process,  thereby  displacing  the  plates,  and  in  some  parts 
contorting  them  and  producing  much  confusion. 

10.  The  white  serpentine  often  occupies  more  space  than  the 
original  block  that  was  changed  into  it ;  for  the  green  plates 
have  sometimes  been  diverged  by  it,  or  pressed  apart.  This 
may  have  been  due  to  the  escaping  gas  alluded  to,  swelling 
up  the  white  serpentina 
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11.  As  to  the  original  mineral,  the  only  additional  remark  I 
now  venture  to  make  is  that  probably  it  was  not  any  known 
mineral  species.  Chrysolite  is  orthorhombic ;  and  has  cleav- 
age in  one  direction  rather  distinct,  becoming  more  so  and  open- 
ing as  alteration  advances;  and  also  it  is  green  and  contains 
protoxide  of  iron — many  characteristics  in  favor  of  its  being  the 
original  mineral  But  it  has  no  ingredient  that  could  have 
produced  the  air-cells  by  its  escape;  and  no  observed  facts 
authorize  the  opinion  that  its  crystals  and  crystalline  masses 
could  have  been  resolved  into  tables  like  those  in  the  pseudo- 
morph  here  described. 

Anhydrite  is  orthorhombic  and  has  a  perfect  cleavage  in  one 
direction,  but  it  has  good  cleavage  in  other  directions  also ;  and 
it  contains  no  iron  and  no  ingredient  to  escape  as  a  gas. 

B.     PSEUDOMOBPHS  OOMSIBTING  OF  BBUOITB  OB  HtDBATB  OF  MaONBSIA. 

12.  Brucite  Paeudomorpha  (?)  after  Dolomite, 

Brucite  is  sometimes  found  making  a  thin  covering  over  the 
exterior  of  the  masses  of  chondroditic  rock,  like  the  serpentine, 
and  also  constituting  plates  in  fissures  an  inch  or  so  thick, 
in  the  interior  of  which  there  are  occasionally  good  crystalliza- 
tions of  the  mineral.  Such  facts  show  that  it  is  there  a  sec- 
ondary product,  resulting  from  the  alteration  of  some  magne- 
sian  mineral  in  the  ore-bed,  for  it  is  not  among  the  constituents 
of  the  rock-masses ;  and  also  that  it  was  formed  cotempora- 
neously  with  the  serpentine. 

It  is  also  found,  as  has  been  stated,  constituting  with  dolo- 
mite the  filling  of  veins  in  the  ore-bed,  the  filling  being  some- 
times part  dolomite  and  part  foliated  brucite,  one  interpene- 
trating the  other.  In  such  cases  both  minerals  cover  splendent 
crystallizations  of  chondrodite,  and  each  contains  isolated  crys- 
tals of  the  same  mineral  equally  splendent.  The  brucite  effer- 
vesces more  or  less,  owing  to  the  presence  in  it  of  some  dolo- 
mite. 

One  of  the  specimens,  alluded  to  on  page  449,  is  an  imbedded 
mass  made  up  of  dolomite  and  a  fibrous  mineral  which  is  prob- 
ably brucite ;  much  of  the  dolomite  is  penetrated  with  the 
brucite ;  moreover,  as  stated  on  the  page  referred  to,  both  the 
dolomite  and  brucite  are  altered,  over  the  exterior  of  the  mass, 
to  serpentine.  The  fibers  of  the  fibrous  surfaces  cross  at  angles 
of  60  and  120^  and  minute  stellar  forms  occur  in  some  parts 
of  the  dolomite.  The  fact  that  the  fibrous  mineral  is  essen- 
tially brucite,  as  suggested  by  its  crystallization,  is  sustained 
by  a  partial  chemical  analysis  made  by  Mr.  G.  W.  Hawes. 
fle  found   it  to  contain  a  trace  of  silica,  arising   probably, 
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he  suggests,  from  mixture  with  a  little  serpentine.  The  rest 
was  soluble  in  boiling  acid,  though  with  more  difficulty  than 
ordinsu-y  brucite. 

The  above  observations  lead  to  the  following  conclusions. 
(1)  That  the  brucite  in  the  veins  of  the  ore-bed  was  made  out 
of  dolomite,  one  of  the  constituents  of  the  ore-bed ;  but  (2) 
that  its  production  took  place  at  the  time  of  the  crystallization 
of  the  dolomite  of  the  same  veins,  and  while  chondrodite  was 
in  process  of  crystallization,  and  probably  during  the  period 
of  metamorphism.  Hence  the  case  is  not  one  of  true  pseudo- 
morphism, tnat  is,  of  alteration  of  crystals  of  dolomite  to  bru- 
cite, yet  still  the  brucite  was  formed  out  of  the  dolomite  of  the 
enclosing  rock. 

(3)  For  the  brucite  associated  with  serpentine  over  the 
blocKs  of  the  chondroditic  rock  of  the  ore-bed,  the  origin  was 
of  later  date,  the  epoch  of  the  serpentine  changes,  but  proba- 
bly the  same  in  kind. 

The  change  of  dolomite  to  brucite,  under  the  action  of  heat 
and  moisture,  or  heated  mineral  solutions,  loses  part  of  its 
extraordinary  aspect,  when  it  is  remembered  that,  oy  Pattin- 
son's  process  for  obtaining  magnesia,  the  subjection  of  dolo- 
mite to  heat  separates  the  carbonic  acid  from  the  magnesia  portion^ 
leaving  the  c£u*bonate  of  lime  intact,  and  then  the  magnesia 
is  removed  by  carbonated  waters. 

C.    Maonetite  Psbudomorphs. 
13.  Magnetite  Pseudomorphs  after  Dolomite, 

Dolomite  often  occurs  in  the  cavities  or  veins  of  the  ore-bed 
in  groups  of  rhombohedral  crystals,  which  are  often  of  large 
size;  these  crystals  are  more  or  less  completely  changed  to 
magnetite.  Among  the  crystals  occurring  together  on  a  single 
specimen,  some  are  frequently  all  magnetite ;  others  so  only 
at  surface,  or  along  an  edge,  or  an  angle,  or  one  side ;  while 
others  are  wholly  unaltered.  Crystals  having  a  magnetite  ex- 
terior are  occasionally  two  to  three  inches  in  their  dimensions. 

The  change  to  magnetite  took  place  by  removal  and  substi- 
tution. The  unaltered  dolomite  crystals  of  a  specimen  have 
always  an  eroded  surface,  and  generally  look  as  if  they  had 
been  much  reduced  in  size  by  a  removal  of  the  exterior.  The 
change  evidently  began  in  each  case  at  the  surface,  but  not  in 
all  cases  over  all  the  surface  planes  at  once ;  and  sometimes  it 
extended  down  into  a  crystal  along  rifts.  The  magnetite  of  a 
rhombohedral  iace  shows  its  luster,  as  the  crystal  is  turned  to 
the  light,  successively  in  one  large  patch  after  another;  thus 
indicating  that  the  deposition  began  at  different  points  and 
spread  laterally ;    the  group  formed  from  each  such  center  hav- 
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ing  the  crystalline  grains  in  like  position,  and  therefore  bein^ 
simultaneous  in  their  reflection  of  light  to  the  eya 

These  magnetite  pseudomorphs  are  often  buried  under  ser- 
pentine, while  at  the  same  time  the  serpentine  has  sometimes  a 
crust  of  dolomite.  Hence  their  formation  was  succeeded,  sooner 
or  later,  by  other  chemical  depositions,  that  of  serpentine,  and 
afterward  that  of  dolomite. 

14.  McLgnetite  PiMudomorpfis  after  Chondrodite  and  other 

Minerals. 

On  specimens  similar  in  character  to  those  affording  magnetite 
pseudomorphs  after  dolomite,  there  are  implanted  crystals  of 
chondrodite,  some  of  which  have  a  thin  coating  of  magnetite, 
and  others  in  which  this  coating  is  relatively  thick ;  while  the 
surfaces  of  chondrodite  exposed  to  view  are  very  rough,  as  if 
eroded.  There  appears  to  be  little  doubt  that,  as  in  the  pre- 
ceding case,  there  was  a  removal  of  the  exterior  of  the  crystals 
while  the  deposition  of  the  magnetite  was  going  forward.  All 
improbability  of  such  a  removal  is  taken  away  by  the  occur- 
rence of  pseudomorphs  of  dolomite  after  chondrodite  (p.  456) 

There  is  abundant  evidence  that  magnetite  was  freely  de- 
posited during  the  progress  of  the  changes  that  have  been 
above  described. 

The  whitish  and  greenish  serpentine  derived  from  the  altera- 
tion of  chlorite  and  other  minerals  has  sometimes  a  black  or 
blue-black  color,  owing  to  "the  thick  dissemination  of  magnetite 
in  minute  grains;  and  the  serpentine  pseudomorphs  after 
chlorite  might,  in  some  cases,  be  rightly  called  serpentine-and- 
magnetite  pseudomorphs;  and  so  for  some  other  serpentine 
pseudomorphs.     By  pulverizing  this  black  serpentine  and  ap- 

S lying  a  magnet,  I^rofessor  Brush  proved  that  the  color  was 
ue  to  magnetite.  A  thin  section  of  the  black  serpentine 
showed  under  the  microscope  that  it  was  simply  a  distribution 
of  black  grains  in  serpentine,  some  white  translucent  spots  of 
serpentine  appearing  in  the  black  area,  and  the  grains  were 
extremely  mmute.  The  cubic  pseudomorph  described  on  page 
875  has  over  it  spots  of  blue-black  which  are  of  the  same  ori- 
gin. One  large  crystal  of  chondrodite  (1*8  inches  long),  coated 
with  magnetite,  was  covered  with  some  of  this  black  serpentine, 
and  probably  its  own  magnetite  and  that  of  the  serpentine  were 
deposited  at  the  same  time.  In  other  cases  of  such  secondary 
deposits,  besides  the  magnetite  in  fine  grains  there  are  distinct 
magnetite  crystals,  and  even  those  of  large  size. 

Ebelmen  has  shown  *  that  when  carbonate  of  lime  is  brought 
into  contact  with  a  silicate  of  iron  heated  to  fusion,  magnetite  is 
deposited.      At  the  Tilly  Foster  iron  mine,  carbonate  of  lime- 

*  Comptes  Rendus,  xzxiii,  555. 
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and-magnesia  (dolomite^  and  solutions  containiDg  iron  silicates, 
were  together,  and  in  all  probability  at  a  very  hign  temperature. 
Hence  we  may  reasonably  conclude  that  under  such  circum- 
stances the  magnetite  was  deposited. 

D.     PSBXTDOMOBPHS  00NBI8TING  OF  PTBBHOTITB,  OB  TBJB  SULPHIDB  OF  IBOH  FbS. 

16.  Pyrrhotite  Pseudomorphs  after  Serpentine, 

The  thin  plates  in  the  pseudomorphs,  No.  11  (p.  450),  some- 
times consist,  in  part  of  the  specimen,  of  pyrrhotite  instead  of 
serpentine,  and  the  pyrrhotite  was  substituted,  not  for  the 
original  mineral  of  the  plates,  but  for  the  serpentine  of  which 
those  plates  now  consist ;  for  the  plates  were  first  made  with 
their  intervening  layers  of  white  serpentine  before  pseudo- 
morphism took  placa  Rifts  in  the  white  serpentine  of  the 
region  are  occasionally  occupied  by  pyrrhotite — a  fact  that 
proves  it  to  have  been  one  of  the  later  products.  The  altera- 
tion of  the  green  plates,  and  not  of  the  intervening  white  ser- 
pentine, may  have  been  owing  to  the  presence  in  the  plates 
still  of  some  iron. 

E.    Pseudomorphs  oonsistino  of  Dolomitb. 
16.  Dolomite  Pseudomorphs  after  Chondrodite. 

Implanted  crystals  of  chondrodite  occur  sometimes  with  an 
exterior  or  crust  of  dolomite ;  and  on  the  same  specimen  other 
crystals,  of  the  form  of  the  chondrodite,  consist  wholly  of  dolo- 
mite. The  chondrodite  is  rough  and  looks  as  if  eroded ;  and 
the  complete  substitution  of  dolomite  for  it  proves  that  the 
deposition  of  dolomite  took  place  concurrently  with  the  re- 
moval of  the  'chondrodite.  The  crystals  that  have  a  coat  of 
dolomite,  and  those  that  are  all  dolomite,  have  the  same  size, 
which  proves  that  the  deposition  of  the  crust  was  attended  with 
a  removal  of  chondrodite,  and  probably  an  equal  bulk  of  it 
The  dolomite  was  chemically  examined  and  proved  to  be  this 
species  by  Professor  Allen.  It  is  a  concretionary  kind,  such  as 
is  found  as  a  crust  over  the  serpentine  of  some  specimens. 

Crystals  of  chondrodite  coated  with  magnetite  (No.  14)  occur 
on  the  same  specimens  with  these  dolomite  pseudomorphs  after 
chondrodite ;  and  the  corroding  and  removal  of  the  chondrodite 
was  probably  effected  in  the  case  of  both  by  the  same  chemical 
agent 

4. — Conclusions  and  Recapitulation. 

The  facts  are  here  recapitulated,  partly  that  they  may  be 
convenient  for  consideration  by  the  chemist,  and  with  the  hope 
that  they  may  bring  out  an  explanation  of  the  chemical  conai- 
tions  by  which  the  changes  were  brought  about 
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1.   Changes  during  the  epoch  of  Serpentine  formation. 

1.  All  the  common  minerals  of  the  ore-bed,  excepting  the 
magnetite,  that  is,  the  chondrodite^  enstatite,  tiornblenae^  ripido- 
lite^  massive  chlorite^  dolomite^  biotite,  and  also  the  uncommon 
kinds,  apatite  and  cafef>,  and  two  other  species  yet  undetermined, 
occur  changed  to  serpentina  The  diversity  of  the  minerals 
thos  acted  on  ^ives  augmented  force  to  the  remark  in  the  open- 
ing part  of  this  memoir,  that  the  ore-bed  had  apparently  been 
steeped  in  heated  solutions  or  vapors ;  and  that  the  moisture  or 
vapors  had  great  dissolving  as  well  as  decomposing  and  recom- 
posinff  power. 

2.  The  vast  amount  of  fracturing  undergone  by  the  rocks  of 
the  ore-bed  indicates  a  source  for  all  the  heat  required  for  the 
various  chemical  changes — even  if  it  were  over  1,000°  F. — in 
the  transfonnation  of  motion  into  heat;  and  if  this  was  the 
source,  the  epoch  of  serpentine  production  and  pseudomorphism 
set  in  immeaiately  upon  the  fracturing. 

8.  The  reasons  for  so  extensive  magnesian  changes  in  the  ore- 
bed  are  the  following :  1.  The  fact  that  the  mineral  constitu- 
ents— the  magnetite  and  the  traces  of  sulphides  and  apatite 
excluded — are  all  magnesuxn  minerals,  2.  The  fact  that 
chondrodite  is  the  predominant  species — it  being  (1)  a  mineral 
that  is  easily  decomposed  by  acids,  and  (2)  one  that  would  have 
yielded  up  fluorine  to  increase  the  decomposing  power  gf  the 
working  moisture ;  and  (3)  one  that  is  extremely  brittle,  in 
consequence  of  which  it  became  broken  into  bits,  and  thus  was 
opened  throughout  to  the  vapors  set  in  action.  The  chondro- 
dite is  the  constituent  of  the  ore-bed  most  extensively  altered  ; 
that  next,  the  ripidolite  and  the  massive  chlorite ;  the  next,  the 
enstatite  and  hornblende ;  last,  the  dolomite. 

4,  The  serpentine  derived  from  the  ripidolite  is  usually  white 
to  pale  gray-green  in  color,  partly  because  the  amount  of  iron 
present  is  not  large,  and  also  because  the  loose  aggregation  of 
the  folia  gave  a  chance  for  percolating  waters  to  drain  off  the 
iron  ;  that  from  the  dolomite  is  apple-green  or  gray -green ;  that 
from  the  pale  chondrodite  grayisn  ;  but  that  from  most  chon- 
drodite bluish-green  to  smoky  blue ;  that  from  the  granular 
chlorite  and  from  the  enstatite,  hornblende  and  biotite  —  all 
eminently  iron-bearing  species — dark  olive-green. 

5.  The  production  of  the  serpentine  was  accompanied  by  the 
production  of  magnetite  in  grams  and  crystals  (p.  454);  of  dol- 
omite in  crusts  and  crystals  ;  of  brucite  in  coatings  and  crystal- 
lized plates  filling  fissures  (p.  453).  It  was  accompanied  also 
in  some  places  by  the  removal,  through  solution,  of  chondrodite 
and  dolomite,  and  the  concurrent  substitution  of  magnetite 
(p.  455),  or  by  the  solution  of  chondrodite  and  the  concurrent 
substitution  of  dolomite  (p.  456). 
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6.  The  era  occupied  by  the  serpentine-making  and  the  accom- 

f)anying  chaoges  may  have  been  long ;  and  yet  there  are  no 
acts  that  definitely  prove  this.  The  great  extent  of  the  change 
suggests  that  it  was  long.  But  the  successive  depositions  of 
serpentine  and  other  such  changes  may  have  been  effected 
without  any  great  lapse  of  tima  An  example  is  afforded  by 
the  specimen  containing  the  cubic  pseudomorphs  (fig.  1),  it 
having  serpentine  of  two  separate  times  of  formations,  and 
affording  evidence  of  the  deposition  of  the  cubic  mineral  be- 
tween the  two.  In  other  specimens  dolomite  crystals  are  cov- 
ered with  (or  converted  into)  magnetite;  then  are  overlaid  by  a 
layer  of  serpentine;  then  by  crystals  or  a  crust  of  dolomite; 
and  this  by  a  second  deposit  of  serpentine  :  yet  these  and  other 
like  cases  prove  nothing  as  to  whether  the  time  elapsed  was 
long  or  not  in  a  geological  sense. 

7.  In  the  serpentine  pseudomorphs  after  minerals  having 
cleavage-joints^  the  pseudomorphism  usually  went  forward  by 
blocks  bounded  by  the  cleavage-jointa  The  change,  begun  in 
any  point,  spread  as  far  as  the  first  cleavage-joint,  and  there  the 
thiu  stratum  of  air  encountered  proved  to  some  extent  a  barrier 
to  farther  progress  so  that  the  block  was  finished  out  com- 
plete before  proceeding  to  the  next:  as  in  the  cubic  pseudo- 
morphs (p.  375),  chlorite  (p.  881),  biotite,  and  the  mineral  de- 
scribed on  p.  450.  Hence  side  by  side  positions  of  altered  and 
wholty  unaltered  portions  are  common  in  such  minerals.  This 
law  must  be  a  general  one  for  pseudomorphic  changes. 

This  fact  of  alteration  by  blocks  or  layers  may  have  some 
bearing  on  the  origin  of  the  masses  of  interlaminated  serpen- 
tine and  carbonate  of  lime  which  go  under  the  name  of  Eozoon^ 
that  is,  if  they  are  not  of  organic  origin. 

8.  The  facts  at  the  Tilly  Foster  iron-mine  afford  an  example 
of  the  production  of  serpentine,  not  by  the  help  of  the  mag- 
nesian  waters  of  the  ocean  or  springs,  but  through  the  altera- 
tion of  magnesian  minerals.  It  is  true  that  the  serpentine  of 
the  fissures  is  not  all  of  it  properly  pseudomorphous,  since  part 
is  a  deposit  at  a  distance  from  the  crystal  or  crystalline  mass 
that  afforded  it  But  it  is  all  a  result  of  the  alteration  of  mag- 
nesian minerals. 

2.    Changes  during  the  epoch  of  Metamorphism. 

The  crystallization  of  the  chondrodite,  and  of  most  of  the 
ripidolite,  magnetite  and  dolomite,  belongs  (1)  to  the  period 
(pre-Silurian)  when  the  Archaean  rocks,  the  ore-bed  included, 
were  crystallized  or  rendered  metamorphic;  and  (2)  to  the 
time  of  formation  of  the  small  intersecting  veins,  which  oc- 
curred probably  during  the  epoch  of  metamorphism. 

The  chondrodite  crystals  implanted  on  the  walls  of  the  veins 
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are  .usually  accoropanied  by  implanted  crystals  alsoofripido- 
lite  and  magnetite,  and  sometimes  by  those  of  dolomite.  The 
chondrodite,  ripidolite  and  magnetite  of  the  veins  are  often 
overlaid  by  a  crystallization  of  dolomite  afterward  introduced 
(perhaps  immediately  afterward),  and  in  places  by  that  of  bru- 
cite.  But  crystals  of  ripidolite  sometimes  overlie  chondrodite, 
and  rarely  are  imbedded  in  a  crystal  of  chondrodite ;  bril- 
liant crystals  of  chondrodite  occur  isolated  in  the  dolomite  and 
in  the  brucite;  and  grains  and  crystals  of  magnetite  are  often 
imbedded  in  the  dolomite :  showing  that  all  these  minerals 
were  made  at  one  epoch,  and  together.  The  crystallization  of 
most,  but  not  all,  of  the  chondrodite  of  a  vein  preceded  ihe 
deposition  of  the  accompanying  dolomite. 


?? 


3.  Paeudomorphiem  not  "  Envelopment.^ 

One  single  writer  on  pseudomorphism,  Prof.  T.  Sterry  Hunt, 
speaks  of  most  pseudomorphous  silicates  among  minerals,  the 
serpentine  pseudomorphs  especially,  as  cases  of  *'  envelopment" 
that  is,  mixtures  maoe  by  contemporaneous  crystallization — a 
term  borrowed  from  Delesse,  but  employed  with  a  changed  use. 
The  Tilly  Foster  iron-mine,  like  other  localities,  affords  ser- 
pentine-pseudomorphs  after  chondrodite,  chlorite,  and  other 
minerals  that  are  pure  serpentine;  which,  therefore,  envelop 
nothing  and  are  enveloped  of  nothing :  and  to  which,  there- 
fore, the  idea  of  "  envelopment"  has  no  application.  They  are 
manifestly  the  final  results  in  a  change  to  serpentine,  the  steps 
of  which  are  illustrated,  and  admirably  so,  Dy  various  inter- 
mediate specimens. 


Aet.  XLin. —  On  the  age  of  the  Xdgnitic  fbrmation  of  the 
Itocky  Mountain  region ;  by  Mr.  F.  B.  Meek. 

[On  this  important  question  in  American  geology,  Mr.  Meek  has 
presented  a  learned  discussion  in  Hayden's  Report  for  1872,  from 
which  we  cite  the  following  facts. — Eds.] 

According  to  the  observations  of  Mr.  Meek,  in  each  of  the  ter- 
ritories, Utah,  Wyoming  and  Colorado,  specimens  of  Inoceramus 
problematicus  occur  at  different  levels  m  the  Coal  formation; 
near  Bear  River,  Wyoming,  a  bed  above  the  principal  coal  bed  is 
full  of  good  specimens ;  at  Coalville  the  shells  occur  both  below 
and  above  the  main  coal  bed,  through  a  range  of  beds  having  in 
all  a  thickness  of  4,680  feet ;  all  but  400  feet  of  this  series  lie 
above  the  great  coal  bed.  Moreover,  none  of  the  specimens  of 
Inoceramus — which  are  mostly  casts — bear  any  evidence  of  having 
been  washed  out  and  transferred  from  an  older  formation. 
Besides  I?wceramu8  at  different  levels,  there  is  a  species  of  Gyrodee^ 
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G.  depresaa,  over  400  feet  above  the  same  coal  bed  near  Coalville; 
and  also,  in  other  localities,  a  species  of  Anchura  and  one  of  Cypri- 
niera^  Cretaceous  genera. 

With  regard  to  the  beds  of  Bitter  Creek  (a  small  tributarv  of 
Green  River  in  Wyoming),  from  Black  Butte  northwestward  to 
Salt  Wells  Station,  on  the  Union  Pacific  Railroad,  Mr.  Meek  is 
less  positive.  His  conclusions  are  given  in  the  following  para- 
graphs here  cited  from  his  paper. 

^'  The  entire  absence  among  the  fossils  yet  known  from  this  for- 
mation of  Bacvlites^  ScaphUeSy  AncyloceraSy  Ptychocera»y  Ammo- 
niteSy  GyrodeSy  Anchuray  InoceramuSy  and  all  of  the  other  long 
list  of  genera  characteristic  of  the  Cretaceous,  or  in  part  also 
extending  into  older  rocks,  certainly  leaves  its  molluscan  fauna 
witlK  a  strong  Tertiary  facies.  Nor  can  we  quite  satisfactorily 
explain  this  away  on  the  ground  that  the  water  in  which  this 
series  of  rocks  was  deposited  partook  too  much  of  the  character 
of  that  of  an  estuary,  to  have  permitted  the  existence  of  any  of 
these  marine  genera,  because  we  do  find  in  it  the  genus  OstrtOy 
Anomiay  and  Modiokty  which  probably  required  water  salt  enough 
to  have  permitted  the  existence  of  InoceramuSy  Anchuray  and 
GyrodeSy  if  not  of  some  or  all  of  the  genera  mentioned  above. 
Indeed,  at  Coalville,  we  find  Inoceramus  associated  with  some 
brackish-water  types,  and  the  additional  Cretaceous  genera, 
Cyprimeray  Anchuray  GyrodeSy  4&c.,  in  closely-associated  beds. 

When  we  come  to  consider  the  invertebrate  fossils  yet  known 
from  this  formation,  in  their  specific  relations,  we  find  all,  with 
possiblv  two  or  three  exceptions,  new  to  science  and  different 
from  those  yet  found  either  at  Bear  River,  Coalville,  or  indeed 
elsewhere  in  any  established  horizon ;  so  that  we  can  scarcely 
more  than  conjecture,  from  their  specific  affinities  to  known  forms, 
as  to  the  probable  age  of  the  rocks  in  which  we  find  them.  Con- 
sidered in  this  respect,  their  evidence,  however,  is  conflicting. 
Two  of  the  species  of  Corbulay  for  instance  ( C.  tropidophora  and 
C.  undifera)y  are  most  similar  to  species  found  in  the  brackish- 
water  beds,  at  the  mouth  of  Judith  River  on  the  Upper  Missouri, 
that  we  have  always  considered  Lower  Tertiary ;  though  there 
are  some  reasons  for  suspecting  that  they  may  be  Upper  Cre- 
taceous. A  Corbiculay  both  from  the  Black  Butte  and  Point  of 
Rocks  localities,  is  even  so  very  nearly  like  C.  cyt  her  if  arm  is  from 
the  Judith  River  beds,  that  I  have  referred  it  doubtfully  to  thai 
species. 

Again,  the  species  Aiiomia  gryphorhyjichuSy  found  so  abun- 
dantly at  Point  of  Rocks  in  the  same  bed  with  the  above-men- 
tioned Corhicula  and  CorbiUa  (rophidophorUy  so  closely  resem- 
bles a  Texas  Cretaceous  shell  described  by  Roemer  under  the 
name  Ostrea  anomicp/ormiSy  that  I  am  strongly  inclined  to  sus- 
pect they  may  be  the  same ;  though  whether  identical  or  not,  at 
least  our  shell  is  certainly  not  an  oyster,  as  it  has  its  muscular 
and  cartilage  scars  precisely  as  in  Anomiay  while  its  beak  is 
never  marginal,  and  it  has  no  ligament  area.         ♦         »         ♦        ♦ 
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On  the  other  hand,  the  Corhicalas  are  decidedly  Tertiary  in 
their  specific  affinities,  as  well  as  in  their  sub^eneric ;  (7.  fracta^ 
for  instance,  and  C,  crcusateUiformis^  from  the  Hallville  mines, 
being  very  closely  allied  to  Paris  Basin  Tertiary  forms,  the  first- 
mentioned  species  being  the  type  of  a  sub-genus,  so  far  as  known, 
peculiar  to  the  Tertiary  elsewhere.  The  same  may  be  said  of 
C.  cf/therifarmis^  which  also  seems  to  belong  to  a  group  (  Velori- 
^tna)  peculiar  to  the  Tertiary  in  Europe. 

Bat  the  most  surprising  fact  to  me,  supposing  this  to  be  a  Cre- 
taceous formation,  is,  that  we  found  directly  associated  with  the 
reptilian  remains  at  Black  Butte  a  shell  I  cannot  distinguish  from 
Vivipants  trochiformis^  originally  described  from  the  Lignitic 
formation  at  Fort  Clark,  on  tne  Upper  Missouri,  a  formation  that 
has  always  been  regarded  as  Tertiary  by  all  who  have  studied  its 
fossils,  both  animal  and  vegetable,  ^e  specimen  mentioned  does 
not  show  the  aperture,  nor  all  of  the  body  volution ;  but,  as  far  as 
can  be  seen,  it  agrees  so  exactly  with  that  very  peculiar  species  in 
size,  the  form  and  proportions  of  its  volutions,  the  slope  of  its  spire, 
its  surface  markings,  the  nature  of  its  suture,  and,  in  fact,  in  every 
respect  so  far  as  can  be  seen,  that  I  have  scarcely  any  doubt  of  its 
identity  with  the  same. 

The  occurrence  of  this  last-mentioned  specien  here,  along  with  a 
Cretaceous  type  of  reptilian,  and  a  Corbicttla  apparently  identical 
with  C.  cytheriformis  of  the  Judith  River  brackish-water  beds, 
together  with  the  presence  of  Corbulas  very  closely  allied  to 
Judith  River  species,  at  lower  horizons  in  this  series,  and  the 
occurrence  of  some  vertebrates  of  Cretaceous  affinities  at  the 
Judith  River  localities,  would  certainly  strongly  favor  the  conclu- 
sion, not  only  that  this  Judith  formation,  the  age  of  which  has  so 
long  been  in  doubt,  is  also  Cretaceous ;  but  that  even  the  higher 
fresii-water  Lignite  formation  at  Fort  Clark  and  other  Upper  Mis- 
souri localities  may  also  be  Upper  Cretaceous  instead  of  Lower 
Tertiary. 

That  the  Judith  River  beds  may  be  Cretaceous,  I  am,  in  the 
light  of  all  now  known  of  the  geology  of  this  great  hitemal  region 
of  the  continent,  rather  inclined  to  believe.  But  it  would  take 
very  strong  evidence  to  convince  me  that  the  higher  fresh- water 
Lignite  series  of  the  Upper  Missouri  is  more  ancient  than  the 
Lower  Eocene.  That  they  are  not  is  certainly  strongly  indicated, 
not  only  by  the  modem  affinities  of  their  molluscan  remains,  but 
also  by  the  state  of  the  preservation  of  the  latter.  Indeed,  these 
shells  (Planorbis,  Viviparua^  Go?nobasi8,  Physa,  &c.)  are  found 
loose,  as  they  fall  from  the  incoherent  sand  in  great  numbers,  so 
entirely  free  from  adhering  matrix,  either  internal  or  external,  and 
so  little  changed,  that  any  one  not  familiar  with  the  existing 
species  of  the  country  would  naturally  think  them  merely  dead 
snells  of  the  same,  picked  up  along  the  shores  of  the  streams. 
The  entire  flora  of  this  Upper  Missouri  Lignite  group  has  also 
always  been  considered,  by  the  highest  authorities  on  that  depart- 
ment of  paleontology,  unquestionably  Tertiary. 
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From  the  foregoing  remarks  it  will  be  seen  that  our  present 
information  in  regard  to  the  age  of  the  Bitter  Creek  series  may  be 
summarily  stated  as  follows : 

1.  That  it  is  conformable  to  an  extensive  fresh-water  Tertiary 
formation  above,  from  which  it  does  not  differ  materially  in  litho- 
logical  characters,  excepting  in  containing  numerous  beds  and 
seams  of  coaL 

2.  That  it  seems  also  to  be  conformable  to  a  somewhat  differ- 
ently composed  group  of  strata  (1,000  feet,  or  possibly  much  more 
in  thickness)  below,  apparently  containing  little  if  any  coal,  and 
believed  to  be  of  Cretaceous  age. 

3.  That  it  shows  no  essential  difference  of  lithological  charac- 
ters from  the  Cretaceous  coal-bearing  rocks  at  Bear  River  and 
Coalville. 

4.  That  its  entire  group  of  vegetable  remains  (as  determined 
by  Professor  Lesquereux)  presents  exclusively  and  decidedly 
Tertiary  affinities,  excepting  one  peculiar  marine  plant  (Halyme- 
nites),  which  also  occurs  thousands  of  feet  beneath  undoubted 
Cretaceous  fossils,  at  Coalville,  in  Utah. 

5.  That  all  of  its  animal  remains  yet  known  are  specifically  dif- 
ferent from  any  of  those  hitherto  found  in  any  of  the  other  forma- 
tions of  this  region,  or,  with  perhaps  two,  or  possibly  three  excep- 
tions, elsewhere. 

6.  That  all  of  its  known  invertebrate  remains  are  mollusks, 
consisting  of  about  thirteen  species  and  varieties  of  marine,  brack- 
ish, and  fresh-water  types,  none  of  which  belong  to  genera  peculiar 
to  the  Cretaceous  or  any  older  rocks,  but  all  to  such  genera  as  are 
alike  common  to  the  Cretaceous,  Tertiary,  and  present  epochs,  with 
possibly  the  exception  of  Goniohasis  (which  is  not  yet  certainly 
known  from  the  Cretaceous). 

V.  That,  on  the  one  hand,  two  or  three  of  its  species  belong  to 
sections  or  subgenera  {Leptesthes  and  Veloritind)  apparently 
characteristic  of  the  Eocene  Tertiary  of  Europe,  and  are  even  very 
closely  allied  to  species  of  that  age  found  in  the  Paris  Basin; 
while,  on  the  other  hand,  one  species  seems  to  be  conspecific 
with,  and  two  congeneric  with  (and  closely  related  specifically  to), 
forms  found  in  brackish-water  beds  on  the  Upper  Missouri,  con- 
taining, vertebrate  remains  most  nearly  allied  to  types  hitherto 
deemed  characteristic  of  the  Cretaceous. 

8.  That  one  species  of  Anomia  found  in  it  is  very  similar  to  a 
Texas  Cretaceous  shell,  and  perhaps  specifically  identical  with  it; 
while  a  Vtviparus,  found  in  one  of  the  upper  beds,  is  almost  cer- 
tainly identical  with  the  V.  troehiformis  of  the  fresh-water  Lig- 
nite formation  of  the  Upper  Missouri ;  a  formation  that  has 
always  and  by  all  authorities,  been  considered  Tertiary. 

9.  That  the  only  vertebrate  remains  yet  found  in  it  are  those  of 

a  large  reptilian   (occurring  in  direct  association  with  the  Vivi- 

panis  mentioned    above),  which,  according  to   Professor  Cope, 

is  a  decidedly  Cretaceous  type,  being,  as  he  states,  a  huge  Dino- 

saurian. 
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It  thus  becomes  manifest  that  tlie  paleontological  evidence  bear- 
ing on  the  question  of  the  age  of  this  formation,  so  far  as  yet 
known,  is  of  a  very  conflicting  nature;  though  aside  from  the 
Dinosaurian,  the  organic  remains  favor  the  conclusion  that  it  is 
Tertiary.  The  testimony  of  the  plants,  however,  on  this  point, 
although  they  doubtless  represent  what  would  be  in  Europe  con- 
sidered clearly  a  Tertiary  flora,  is  weakened  by  the  fact  that  we 
already  know  that  there  is  in  Nebraska,  in  clearly  Cretaceous 
rocks,  a  flora  that  was  referred  by  the  highest  European  authority 
to  the  Miocena  I  do  not  know,  however,  how  far  Professor  Les- 
quereoz's  opinion,  that  the  Bitter  Creek  plants  are  Tertiary,  may 
rest  upon  specific  identifications  among  them  of  forms  known  to 
occur  in  well  determined  Tertiary  rocks  elsewhere." 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  Magnetic  Equivalent  of  Jleat. — M.  Cazin  has  been  inves- 
tigating the  heat  produced  in  the  core  of  an  electro-magnet  when 
the  current  is  alternately  made  and  broken.  Call  m  the  induced 
magnetism,  /  the  distance  between  the  poles,  Q  the  number  of  units 
of  heat  created  by  the  disppearance  of  the  magnetism,  and  A  a 
coefficient  which  is  constant  for  the  same  coil  and  current.  Then 
A  Q=im*ly  in  which,  if  all  the  magnetism  is  converted  into  heat,  A 
will  measure  the  number  of  units  of  magnetic  energy  equivalent 
to  a  unit  of  heat.  To  see  if  A  is  constant,  the  core  of  the  magnet 
is  surrounded  by  two  coils  and  the  current  made  and  broken  in  one ; 
A.  then  vanes  according  to  the  method  of  closing  the  secondary 
circuit.  If  wholly  closed,  A  has  its  greatest  value.  If  closed 
while  the  primary  is  open,  it  is  less ;  and  if  closed  while  the  primary 
is  closed,  A  has  the  same  value  as  if  the  secondary  is  wholly  open. 
Hence  the  induction  in  the  secondary  circuit  occasions  a  division 
of  the  heat. 

A  alters  with  the  change  in  duration  of  the  spark  of  rupture,  by 
forming  it  in  air,  water,  alcohol,  ether,  ifcc.  This  is  explained  by 
the  current  induced  in  the  mai^netizino:  coil  in  which  part  of  the 
heat  is  found.  A  diminishes  by  connecting  the  point  and  mercury 
with  the  surfaces  of  a  condenser,  and  also  by  increasing  the  num- 
ber of  convolutions. 

From  these  facts  it  follows  that  to  measure  the  magnetic  equiv- 
alent of  heat,  we  must  use  a  bobbin  of  stout  and  short  wire  to 
reduce  the  induction  to  a  minimum,  employ  a  weak  current,  and 
break  it  in  a  very  resisting  medium,  that  the  circuit  may  be  broken 
in  as  short  a  time  as  possible. 

The  differential  thermo-magnetic  apparatus  described,  Comptes 
Rendus,  Ixxviii,  845,  serves  to  measure  the  increased  pressure  of  a 
mass  of  air  enclosed  in  the  magnetized  core  after  the  circuit  has 
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been  broken  N"  times.  The  temperature  of  the  air  is  the  same  as 
that  of  the  inner  surface  of  the  core.  This  is  thin  and  flurrounded 
with  a  thick  layer  of  cotton,  and  hence  the  amount  of  heat  gene- 
rated is  found  by  multiplying  the  increase  of  temperature,  bv  the 
weight  of  iron,  by  its  specific  heat.  In  an  example  the  coil  had 
480  turns,  the  core  weighed  832*6  grams,  the  current  :=*0232, 
the  unit  being  that  required  to  set  free  1  mgr.  of  hydrogen  a  second, 
and  the  current  was  interrupted  2778  times  in  ten  minutes.  The 
pressure  of  the  air  increased  I7'8mm.  of  water,  corresponding  to  a 
change  of  temperature  of  0'608.  The  amount  of  heat  Q  generated 
was  '0000174  units,  and  the  value  of  m^l  was  1855*  the  unit  being 
the  amount  requisite  to  repel  an  equal  amount  at  distance  of  a 
decimeter  with  a  force  of  a  decigram.  This  gives  the  magnetic 
equivalent  of  heat=  1 06,000,000  units  of  magnetic  energy,  approx- 
imately. Its  true  value  is  probably  somewhat  less  since  we  have 
not  here  taken  account  of  the  heat  transported  by  induction  into 
the  magnetizing  coil,  but  have  only  taken  care  that  it  should  be 
small. — Comptes  Bendua,  Ixxix,  290.  e.  a  p. 

2.  Unilateral  Conductivity, — Dr.  A.  Schustbb  finds  that  certain 
conductors  oppose  different  resistance  when  the  current  passes 
through  them  in  opposite  directions.  It  would  be  diflicult  to  detect 
such  diflferences  in  the  ordinary  way,  as  it  would  be  masked  by 
changes  of  temperature  and  of  the  current.  If  we  use,  however, 
the  current  induced  by  a  moving  magnet,  we  may  be  sure  that  it 
i8  always  constant,  as  long  as  the  strength  of  the  magnet  does  not 
vary,  and  its  motion  is  the  same  when  approached  as  when  reced- 
inu^.  A  matjnot  is  ni:nle  to  rotate  rapidly  in  a  coil  of  wire  and 
thus  induces  currents  alternately  in  opposite  directions.  The  elec- 
tromotive force  producing  these  currents  must  be  the  same  in  both 
directions ;  hence  anv  difference  iu  the  two  sets  of  currents  mast 
be  due  to  a  difference  in  the  resistance.  The  induced  currents 
move  a  galvanometer  in  opposite  directions,  but  if  they  follow  each 
other  with  great  rapidity  the  needle  will  come  to  rest  at  the  zero, 
provided  the  currents  have  equal  strengths.  If  the  two  currents 
are  strong,  a  very  slight  difference  will  have  a  marked  effect  on 
the  needle. 

The  magnet  was  attached  to  the  plate  of  a  sirene  and  revolved 
about  40  times  a  second;  the  wire  of  the  coil  had  a  resistance  of 
about  30  mercury  units,  and  the  electro-motive  force  in  each  direc- 
tion was  about  '12  of  a  Grove  cell.  The  total  resistance,  including 
the  galvanometer,  was  about  2500  units.  To  measure  the  deflec- 
tion of  the  needle,  a  mirror,  telescope  and  scale  were  used,  and 
the  delicacy  of  the  galvanometer  was  such  that  an  electro-motive 
force  of  '0005  of  a  Daniel  cell  produced  a  deflection  of  200  divisions 
of  the  scale.  If  now  the  wire  to  be  tested  was  connected  with  the 
galvanometer  and  coil,  and  the  magnet  set  in  motion,  generally 
the  needle  would  begin  to  deviate  to  one  side  and  finally  come  to 
rest  at  some  distance  from  the  zero.  Changing  the  connections 
generally  changed  the  effect.  Repeating  the  experiment  several 
times  generally  diminishes  the  deviation  or  causes  it  to  di8api>ear, 
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but  allowing  the  apparatus  to  rest  for  some  hours  or  days  brought 
it  back.  Inserting  a  wire  which  had  never  before  been  subjected  to 
a  cnrrenty  drove  the  needle  wildly  to  one  side,  although  its  resist- 
ance was  but  *1  of  a  unit*  Suppose  the  circuit  produces  no  deflec- 
tion, and  a  wire  is  introduced  which  deviates  the  needle ;  make 
this  deviation  disappear  by  repeating  the  experiment,  and  then 
remove  the  wire,  when  the  deflection  will  reappear.  If  again 
made  to  disappear  and  the  wire  once  more  inserted,  it  will  now 
be  quite  neutral,  producing  no  deflection. 

The  onlv  explanation  offered  to  account  for  these  phenomena  is 
the  following.  Suppose  a  spark  passed  from  a  sphere  to  a  point ; 
it  is  known  that  the  electro-motive  force  required  is  different 
according  to  the  direction  of  the  current.  A  circuit  composed  of 
a  wire  terminating  in  a  sphere  and  separated  from  another  wire  by 
a  thin  layer  of  air,  would  therefore  show  unilateral  conductivity, 
the  current  passing  in  one  direction  more  easilv  than  in  the  other. 
Metals  condense  gases  in  great  quantity  at  their  surfaces,  and  it  is 
quite  conceivable  that  if  two  wires  are  screwed  together,  that  par- 
ticles of  air  will  separate  the  two  surfaces  and  that  a  small  voltaic 
arc  will  be  the  result. — Phil,  Mag.^  xlviii,  251.  e.  c.  p. 

3.  tSpec^  SecU  of  Oases, — Wiedemann  has  succeeded  in 
measuring  the  specific  heat  of  gases,  by  a  method  which  gives  re- 
sults as  accurate  as  those  of  Kegnault,  while  the  apparatus  em- 
ployed is  much  smaller  and  less  complicated.  Two  glass  vessels 
are  used,  one  of  which  may  be  filled  with  water  from  a  reservoir 
ten  feet  above  and  the  air  driven  from  it  into  the  other  vessel 
which  contains  a  rubber  bag  with  a  capacity  of  25  litres.  This 
contains  the  gas  to  be  studied,  any  portion  of  which  may  be  ex- 
pelled from  the  bag  by  admitting  water  from  the  reservoir.  Its 
volume  is  obtained  with  great  accuracy  by  weighing  the  water 
collected  and  correcting  for  temperature  and  pressure. 

The  apparatus  for  heating  consists  of  a  tube,  3  meters  long  and  9 
centimeters  in  diameter,  filled  with  copper  turnings  and  immersed 
in  boiling  water.  When  the  gas  traverses  this  tube  it  is  com- 
pletely heated,  even  when  10  litres  pass  per  minute.  The  calori- 
meter consists  of  three  silver  tubes,  63  mm.  high  and  9  mm.  in 
diameter,  filled  with  silver  turnings  and  which  the  gas  traverses 
successively.  They  are  contained  in  a  silvered  copper  vessel,  64 
mm.  high  and  44  mm.  in  diameter,  filled  with  water.  To  avoid 
radiation,  the  whole  is  enclosed  in  a  double  box  of  tin,  which  is 
filled  with  water  and  brought  to  a  temperature  midway  between 
the  initial  and  final  temperature  of  the  calorimeter.  The  small 
size  of  the  latter,  which  contains  only  about  60  grams  of  water, 
enables  us  to  obtain  a  considerable  elevation  of  temperature.  Thus 
20  litres  cooling  from  1 00®  to  20°  raised  the  temperature  8°.  To 
produce  the  same  elevation  Regnault  required  200  litres,  a  serious 
objection,  when  it  is  difficult  to  obtain  large  quantities  of  the  gas 
in  a  state  of  purity.  With  this  apparatus  the  specific  heat  of  sev- 
eral gases  was  measured  with  the  following  results,  in  which  R. 
denotes  Regnault's  determination,  and  W.  that  obtained  with  the 
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above  apparatus.  Air,  R.  "2377,  W.  '237 ;  carbonic  acid,  R.  -2048, 
W.  -208 ;  hydrogen,  R.  -3409,  W.  -3481 ;  ethylene,  R  gives  -4147 
and  '3933  or  '4040  as  a  mean,  W.  '4070  and  -3950  or  a  mean  of 
•401.  The  agreement^  is  therefore  very  satisfactory. — JBib,  Univ.^ 
cci,  73.  E.  a  p. 

II.   Geology  and  Natural  Histoby. 

1.  Coral  reefs  of  Hawaii. — Mr.  Darwin,  in  the  new  edition  of  bis 
work  on  Coral  reefs,  cites  statements  from  Ellis  respecting  the  exist- 
ence of  elevated  beds  of  coral  detritus  "  round  several  parts  of 
Hawaii,  about  twenty  feet  above  the  level  of  the  sea."  Tbe  writer, 
as  Mr.  Darwin  states,  saw  hardly  any  reefs  about  the  island,  the 
only  point  mentioned  in  my  report  being  the  vicinity  of  Hilo.  Id 
reply  to  an  enquiry  by  me  on  the  subject,  the  Rev.  Mr.  Coan, 
long  a  resident  of  Hilo,  and,  as  missionary,  a  traveler  over  various 
parts  of  the  island  of  Hawaii,  makes  the  following  statement  in  a 
letter  dated  Hilo,  October  26th,  1874.  Mr,  Coan  is  a  careful  ob- 
server of  natural  objects  and  phenomena,  aud  has  written  muob 
on  the  Hawaiian  volcanos. 

"  With  respect  to  your  enquiry  whether  there  is  any  elevated 
coral  reef  rock  around  the  shores  of  Hawaii,  I  would  reply  that 
I  think  not.  I  have  traveled  the  whole  circuit  of  the  island  by 
land,  and  in  boats,  canoes  and  larger  vessels,  and  there  is  hardly 
a  point  along  the  shores  which  I  have  not  noticed  carefully.  Hono- 
lulu, on  the  island  of  Oahu,  is  built  much  of  it  upon  the  ele- 
vated coral-reef  rock,  and  there  are  large  areas  in  the  district  of 
Waianae  and  other  portions  of  the  Oahu  shores ;  but  there  is 
nothing  of  this  kind  on  Hawaii.  You  are  aware  that  corals,  even 
under  the  water,  are  on  the  weather  side  of  this  island  [tbe  eastern, 
near  the  middle  of  which  is  the  harbor  of  Hilo],  not  abundant, 
and  all  the  good  specimens  we  get  are  obtained  by  diving. 
Small   quantities   of  broken   corals   are  washed    ashore   by   the 


waves." 


The  Oahu  reefs  are  described  by  me  in  my  Exploring  Expedition 
Geological  Report,  pp.  251-256.  The  facts  are  more  briefly  men- 
tioned in  my  work  on  Corals  and  Coral  Islands.  j.  d.  daxa. 

2.  Drift  in  liansas  ;  by  Rev.  M.  V.  B.  Knox.  (From  a  letter 
to  J.  D.  Dana,  dated  Sept.  24,  Baldwin  City.) — The  drift  in  Kan- 
sas is  confined  mostly  to  the  northern  half  of  the  State,  little 
having  been  found  any  distance  south  of  the  great  Kansas  Valley. 
North  of  this  river,  especially  in  the  region  north  and  west  of 
Topeka,  there  are  drift  rocks  of  vast  size.  The  prevalent  kind 
of  rock  is  red  and  flesh-colored  quartzite,  with  a  mixture  of 
conglomerate  and  trap ;  the  mass  is  red  quartzite.  On  the  high 
prairie,  these  boulders  are  sometimes  from  six  to  fifteen  feet  in 
diameter;  yet  in  the  northeast  fourth  of  the  State,  one  may 
ride  twenty  miles  over  the  prairies  and  not  see  one  of  so  large 
size.  Smaller  boulders  and  pebbles  are  everywhere  to  be  found 
in  this  part  of  the  State. 
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North  of  the  Kau,  or  as  it  is  called  far  west,  the  Smoky  Hill, 
in  the  Solomon  River  region,  there  are  pebbles  only  of  the  size  of 

Snails'  eggs — and  these  are  confined  to  the  beds  of  the  streams. 
a  the  forks  of  the  Solomon,  about  Cawker,  large  beds  of  these 
pebbles  are  found,  washed  from  the  soil,  no  doubt,  in  the  whole 
course  of  the  streams,  and  thrown  into  banks.  These  forks  do 
not  reach  near  the  Rocky  Mountains,  but  are  entirely  made  up  in 
the  prairies.  South  of  the  Kau  there  are  a  few  regions  of  drift.  One 
in  Wabamsu  County,  opposite  Wamego,  is  the  largest  deposit  I 
have  seen  in  the  State.  Fifty  or  a  hundred  acres,  on  the  top  of 
high  bluffs,  are  covered  so  thick  as  to  take  up  all  the  space,  and  I 
judged  that  it  might  be  8-12  feet  deep  in  places.  None  of  the 
stones  or  boulders  are  more  than  three  or  four  feet  in  diameter. 

3.  Note  on  the  Haiwaiian  Volcanoes:  by  Rev.  T.  Coan.  (From 
a  letter  to  J.  D.  Dana,  dated  Hilo,  Oct.  6.) — Kilauea  has  been 
very  active  for  the  greater  part  of  the  past  year.  The  great 
South  lake  has  been  full  and  overflowing  much  of  the  time  ;  and 
the  great  central  depression  of  1868,  in  the  crater,  has  been  filled 
up  by  deposits  about  200  feet,  while  the  region  around  the  great 
south  lake  (Halemaumau)  is  a  truncated  mountain  nearly  as  high 
as  the  outer  upper  edge  of  the  crater. 

Mokuaweoweo,  the  summit  crater  of  Mauna  Loa,  has  been  in 
action  for  eighteen  months.  For  the  most  of  the  time  the  action 
has  been  violent.  Of  late  it  has  decreased,  and  there  is  the 
appearance  that  it  will  soon  cease. 

We  have  had  few  earthquakes  at  Hilo  during  the  year,  and 
these  have  been  feeble.  They  are  often  felt  near  Kilauea  in  the 
district  of  Kau. 

4.  Permian  in  the  Nova  Scotia  Goal  Region, — Dr.  Dawson 
has  a  paper  in  the  Quarterly  Journal  of  the  Geological  Society, 
voL  XXX,  in  which  he  points  out  reasons  for  suspectmg  the  upper 

gart  of  the  Carboniferous  series  to  be  of  the  Permian  period, 
everal  of  the  plants  of  the  beds  are  in  Europe,  both  Carbon- 
iferous and  Permian,  as  Calamites  JSuckovii^  C,  (Jistii^  Annxdaria 
Umgifolia^  Neuropteris  flexuosa^  N.  cordata^  N.  auriculata^ 
Peeopteris  aborescens^  P,  oreopteroides,  P.  abbreviata ;  and  "  Ca- 
lamites  gigas  is  a  decidedly  and  peculiarly  Permian  species." 
The  evidence  is  not  positive.  No  marine  shells  occur  in  the  beds 
to  aid  in  arriving  at  a  true  conclusion. 

6.  Seventh  Annual  Report  of  the  United  States  Geological 
Survey  of  the  Territories  for  1873,  Dr.  F.  V.  IIayden,  U.  S. 
Geologist  in  charge :  conducted  under  the  authority  of  the  Secre- 
tary of  the  Interior.  Washington,  1874. — Dr.  Hayden's  Report 
for  1873,  just  now  leaving  the  press,  comes  laden  with  valuable 
facts  respecting  the  topography,  geography  and  varied  researches 
of  the  Rocky  Mountain  Region,  and  particjularly  of  the  Territory 
of  Colorado.  Dr.  Hayden  opens  the  volume  with  chapters  on  the 
features  and  general  geology  of  the  Colorado  Range,  South  Park, 
Park  Range,  Sawatch  Range,  and  the  Elk  Mountains,  and  on  the 
remarkable  glacial  phenomena  about  the  mountains.     Next  fol- 
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lows  an  excellent  Geological  Report  by  Archibald  R.  Martin e, 
Assistant  Greologist,  directing  the  Middle  Park  division  of  the 
Survey.  The  topographical  features  are  carefully  described,  and 
then  the  several  geological  formations  in  order.  The  Licnitic 
formation  of  Colorado  he  refers,  like  Dr.  Hayden  and  >fr.  L 
Lesquereux,  to  the  Lower  Tertiary.  Numerous  analyses  are  given 
of  the  Lignitic  coals,  and  much  other  information  of  economical 
value  relating  to  the  character  and  distribution  of  the  coal  beds  is 
added.  The  granite  and  other  granitic  rocks  of  the  monntaiD 
ranges  in  the  region  are  shown  by  Mr.  Marvine  to  be  of  meta- 
morphic  origin. 

Pages  193  to  274  are  occupied  by  the  Report  of  Dr.  A  C. 
Peale,  Greologist  of  the  South  Park  Division.  The  Report  con- 
tains a  large  amount  of  information  respecting  the  Cretaceous, 
Lignitic  and  other  formations  of  the  region,  in  Pleasant  Park, 
Carboniferous  rocks  were  distinguished,  overlying  the  granite. 
On  Trout  Creek,  a  few  miles  below  Bergen  Park,  fossils  of  the 
Quebec  group  were  collected,  including  species  of  Obolus^  Vono- 
coryphe,  Batnyurus^  etc.  Beds  referred  to  the  Quebec  group  were 
found  also  on  Horse-shoe  or  4-mile  Creek,  near  Horse-shoe  Moon- 
tain,  with  also  others  of  the  Carboniferous.  In  the  vicinity  of 
Tennessee  Pass,  between  the  Arkansas  and  the  head  of  Elagle 
River,  on  a  large  branch  coming  from  the  west,  the  beds  are  sta- 
ted to  range  in  age  from  the  Silurian  to  at  least  the  Upper  Ca^ 
boniferous.  No  mention,  however,  is  made  of  Upper  Silurian  or 
Devonian  fossils.  The  report  closes  with  a  catalogue  of  minerals 
and  rocks. 

Next  follows  a  report  by  Mr.  F.  M.  Endlich,  on  the  mining 
districts  of  Colorado;  another  of  60  pages  by  Leo  Lesquereux, 
on  the  Lignitic  formation  and  its  fossil  flora;  one  of  more  than 
100  pages  by  Mr.  E.  D.  Cope,  on  the  Vertebrate  paleontology  of 
Colorado,  containing  descriptions  of  many  new  species.  These 
are  followed  by  Zoological  and  Geographical  reports  of  consider- 
able length,  the  latter  by  Mr.  James  1.  Gardner,  Geographer  of 
the  Expedition,  the  sheets  of  which  have  not  yet  reached  us. 

Dr.  Hayden,  by  adding  to  his  own  valuable  work  that  of  other 
scientific  observers  of  known  thoroughness,  carries  forward  a  vast 
amount  of  research  each  year,  and  is  thus  making  extraordinary 
progress  in  extending  our  knowledge  of  the  Rocky  Mountain 
territories. 

We  learn  that  extended  quarto  Reports  on  the  Fossil  Plants  by 
L.  Lesquereux,  and  on  the  Invertebrate  Fossils  of  the  Rocky 
Mountain  region  by  Mr.  F.  B.  Meek,  both  to  be  illustrated  by 
numerous  plates,  are  soon  to  be  issued. 

6.  Catalogne  of  Plants  collected  in  the  years  1871,  1872  and 
ISIS,  with  descriptions  of  new  species.  62  pp.  8vo.  Report  upon 
Ornithological  specimens  collected  in  the  years  1871,  1872  and 
1873.  148  pp.  8vo.  Geographical  and  Geological  explorations 
and  surveys  west  of  the  one  hundredth  meridian.  First  Lieut 
Geo.  M.  Wheeler,   Corps  oi  Engineers,  in   charge.   Engineer 
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^epartmeDt,  U.  S.  Army. — These  catalogues  of  Plants  and  Birds, 
^liected  in  connection  with  Lieut.  Wheeler's  expeditions,  contain, 
esides  a  list  of  species,  notes  upon  many  of  those  imperfectly 
nown,  and  descriptions  of  some  new  species.  The  Botanical 
latalogue  has  been  prepared  through  the  assistance  of  various 
otanists,  namely :  Prof.  Asa  Gray,  Mr.  Sereno  Watson,  Prof.  D. 
/.  Eaton,  Mr.  Thomas  P.  James,  Dr.  George  Vasey,  Dr.  George 
liurber,  Mr.  Josiah  Hoopes,  Mr.  S.  T.  Olney,  and  Mr.  C.  F.  Aus- 
in,  and  also  of  Assistant  Surgeon  U.  S.  A.,  Dr.  J.  T.  Rothrock. 

The  report  on  the  Birds  is  by  Dr.  N.  C.  Yarrow  and  Henry 
V.  Henshaw.  It  contains  much  valuable  information  respecting 
he  characters  and  distribution  of  the  species. 

7.  On  the  Use  of  "  CycLosis  "  in  America.  (Read  before  the 
ksBOciation  for  Advancement  of  Science  at  Hartford.) — The 
rords  rotation  and  cyclosis  were  first  proposed  in  1829  by  C.  H. 
icbultz,  in  a  letter  on  the  circulation  of  fluids  in  plants,  addressed 
o  the  Paris  Academy,  and  published  in  1831  in  the  Ann.  des 
Iciences  Nat.,  1st  ser.,  voL  xxii.  In  this  letter  he  defines  rota- 
ion  as  the  movement  of  sap  round  the  axis  of  each  particular  cell, 
rbile  cyclosis  is  the  name  be  gives  to  the  circulation  in  spiral  ves- 
els  he  supposed  occurred  in  phanerogams.  In  a  subsequent  essay, 
Sur  la  circulation,"  etc.,  published  in  Nova  Acta,  1841,  vol.  xxiii, 
d  supplement,  the  application  of  cyclosis  is  restricted  to  the  move- 
aents  of  the  latex  in  the  lacticiferous  vessels. 

Mohl  and  others  proved  many  of  the  theories  of  Schultz  to  be 
rroneous,  but  these  words  proposed  by  him  were  adopted  and  con- 
inue  in  use  by  most  English  authors  in  their  original  signification. 

In  America,  with  the  exception  of  Dr.  Darby,  who  in  Ms  "  Flora 
»f  the  Southern  States  "  has  retained  the  original  meaning,  the 
7ord  rotation  appears  to  be  ignored,  and  cyclosis  substituted  for 
t,  to  denote  the  intra-cellular  motion  of  protoplasm, — a  transfer 
lot  justified  by  either  the  origin  or  present  use  of  the  word  in 
Curope. 

It  is  perhaps  true,  as  remarked  in  the  Botany  of  Maout  and 
!)ecaisne,  that  Schultz  did  not  make  a  happy  application  of  the 
vord  cyclosis,  and  if  it  were  established  that  latex  circulation  did 
lot  exist,  the  transfer  of  use  might  be  accomplished. 

But  many  competent  observers  believe  in  an  independent  latex 
notion,  the  old  meaning  is  still  adhered  to  in  England,  and  hence 
,n  unnecessary  confusion  of  terms  results  from  applying  the  name 
tyclosis  to  the  cell  circulation  properly  called  rotation. 

It  should  be  remembered  that  both  these  movements  of  plant 
iuids  are  distinct  from  the  interchange  between  roots  and 
►ranches,  known  as  the  general  circulation.         wm.  h.  seaman. 

Note, — The  ease  stands  thus  :  Von  Mohl,  the  highest  authority, 

s  responsible  for  the  statement  (which  Le  Maout  and  Decaisne 

ay  he  demonstrated)  that  Schultz's  pretended  latex  circulation 

las  no  existence ;  the  present  writer  took  up  the  word  cyclosis  for  the 

»ctual  phenomenon  which  it  well  describes ;  and  finally,  Le  Maout 

md  Decaisne  say :  '*  C'est  k  le  mouvement  intra-cellulaire  qu'  on  a 

Am.  Jour.  Sci.— Third  Series,  Vol.  VIII,  No.  48.— Dec,  1874. 
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donn^  le  nom  de  rotation^  terme  tout  a-fkit  impropre,  auquel  il 
serait  convenable  de  substituer  celui  de  cydosey  aboli  par  Hugo 
Mohl,  et  qui  exprime  plus  exactmeDt  le  moayement  circulaire  an 
sue  dans  la  cellule"  (p.  117).  And  we  learn  that  the  term  cyclosU 
is  defined  accordingly  in  England,  in  the  last  edition  of  the  Micro- 
graphic  Dictionary.  So  there  is  some  good  authority  for  the 
American  use  of  the  term  in  Europe.  a.  g. 

8.  Notice  of  Papers  on  Embryology  by  A,  Kowalevsky ;  by  A. 
Agassiz.  (Communicated.) — A.  Kowalevsky  has  published,  unfor- 
tunately in  Russian,  two  capital  papers  on  Embryology.  The  one 
continues  the  investigations  he  had  been  carrying  on  regarding  the 
existence  of  an  ectoderm  and  entoderm  layer  in  the  early  embry- 
onic stages  of  Invertebrates.  In  the  present  paper  he  has  given 
a  summary  of  the  early  stages  of  a  Campanularia,  confirming  the 
observations  of  Wright  and  A.  Agassiz.  For  Rhizostoma  and 
Cassiopea  he  shows  that  the  digestive  cavity  is  formed  by  the 
invagination  of  the  ectoderm.  This  is  contrary  to  the  results  of 
previous  observers,  except  Schneider.  For  Pelagia  he  shows  a 
direct  development  from  the  e^g  remarkably  similar  to  that  of  the 
Geryonidae  as  we  know  it  from  Hseckel,  Fol  and  Metschnikoff. 
He  adds  nothing  to  the  embryology  of  Actinia  not  already  known 
from  the  magnificent  monograph  of  Lacaze-Duthiers.  He  t*ben 
passes  on  to  the  development  of  Alcyonium,  of  which  he  gives  an 
extremely  interesting  sketch  supplemented  by  fragments  on  the 
embryology  of  Astrsea,  Gorgonia  and  Cerianthus,  the  development 
of  the  latter  is  strikingly  similar  to  that  of  Edwardsia,  as  we  know 
it  during  its  passage  from  Arachnactis  to  Edwardsia.  He  has 
added  a  few  observations  on  the  earlier  embryonic  stages  of 
Eschscholtzia,  Beroe  and  Eucharis,  completing  deficiencies  in  his 
earlier  papers  on  the  embryology  of  Ctenophorje.  These  supple- 
mentary observations  agree  completely  with  the  observations  of 
A.  Agassiz  on  the  embryology  of  Ctenophora). 

The  second  Memoir  is  a  very  complete  history  of  the  develop- 
ment of  Brachiopods,  strikingly  in  accordance  with  the  views  of 
Steenstrup  and  of  Morse  on  the  aflinities  of  Brachiopods  with 
Annelids.  The  homology  between  the  early  embryonic  stages  of 
Argiope  with  well  known  Annelid  larva?  is  most  remarkable,  and 
the  resemblance  between  some  of  the  stages  of  Argiope  figured  by 
Kowalevsky  and  the  corresponding  stages  of  growth  of  the  so- 
called  Loven  type  of  development  among  Annelids  is  complete. 
The  number  of  segments  is  less,  but  otherwise  the  main  structural 
features  show  a  closeness  of  aixreement  which  will  make  it  difficult 
for  Conchologists  hereafter  to  claim  Brachiopods  as  their  special 
property.  The  identity  in  the  ulterior  mode  of  growth  between 
the  embryo  of  Argiope  and  of  Balanoglossus,  in  the  Tornaria  stage, 
is  still  more  striking;  we  can  follow  the  changes  undergone  by 
Argiope  while  it  passes  through  its  Tornaria  stage,  if  we  may  so 
call  it,  and  becomes  gradually,  by  a  mere  modification  of  the 
topography  of  its  organs,  transformed  into  a  minute  pedunculated 
Brachiopod  differing  as  far  from  the  Tornaria  stage  of  Argiope  as 
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ihe  young  Balanoglos8U8  differs  from  the  free-swimming  Tornaria. 
[n  fact  the  whole  development  of  Argiope  is  a  remarkable  combina- 
;ion  of  the  Lov6n  and  of  the  Tornaria  types  of  development  among 
Worms.  His  paper  also  includes  the  history  of  a  less  vermiform 
iype  of  development,  that  of  Thecidium  and  of  Terebratula,  in 
which  the  observations  of  Kowalevsky  fully  agree  with  the  previ- 
ous well  known  memoir  of  Lacaze-Duthiers  on  Thecidium,  and  of 
Morse  on  Terebratulina.  It  is  not  out  of  place  to  recall  the  very 
ingenerous  treatment  which  Morse  received  at  the  hands  of  many 
Donchologists  for  the  heresies  of  his  papers  on  the  systematic 
position  of  Brachiopoda ;  and  it  certainly  is  a  striking  proof  of 
ihe  sagacity  of  Morse  to  have  announced  so  positively,  from  the 
[listory  of  the  American  Brachiopods  alone,  the  vermiform  affinities 
of  Brachiopods,  now  so  conclusively  proved  by  the  development 
of  Argiope  in  Kowalevsky's  paper. 

The  close  relationship  between  Brachiopods  and  Bryozoa  can- 
not be  more  fully  demonstrated  than  by  the  beautiful  drawings  on 
Plate  V.  of  Kowalevsky's  history  of  Thecidium.  We  shall  now 
have  at  least  a  rational  explanation  of  the  homologies  of  Brach- 
iopods, and  the  transition  between  such  types  as  Pedicellina  to 
Ddembranipora  and  other  incrusting  Bryozoa  is  readily  explained 
from  the  embryology  of  Thecidium.  in  fact,  all  incrusting  Bry- 
ozoa are  only  communities  of  Brachiopods,  the  valves  of  which  are 
continuous  and  soldered  together,  the  flat  valve  forming  a  united 
floor,  while  the  convex  valve  does  not  cover  the  ventral  valve,  but 
leaves  an  opening  more  or  less  ornamented  for  the  extension  of 
the  Lophophore.*  a.  ag. 

9.  Embryology  of  the  Ctenophorce  ;  by  Alexander  Agarsiz. 
4to,  with  five  plates.  From  the  Memoirs  of  the  American  Acad- 
emy of  Arts  and  Sciences,  vol.  x.  No.  iii,  August,  1874. — In  this 
memoir  we  have  a  complete  embryology  of  Idyia  roseola^  and 
a  nearly  complete  one  of  Pleurohrachia  rnododa^ctyla^  with  observa- 
tions on  other  genera.  The  memoir  concludes  with  a  discussion 
of  the  systematic  position  and  affinities  of  the  CtenophoraB,  from 
which  we  make  the  following  extracts : 

"  The  question  of  the  systematic  position  of  the  Ctenophorse 
can  now,  thanks  to  the  greater  knowledge  we  have  of  their 
embryology,  be  treated  more  intelligently.  The  position  taken 
by  Vogt  who  follows  Quoy  in  removing  them  from  the  Acalephs 
altogether,  and  associating  them  with  the  Mollusks  on  account 
of  the  apparent  bilaterality  so  strongly  developed  in  some  fam- 
ilies (Cestum,  Bolina  and  Mertensia),  seems  not  untenable.  The 
nature  of  their  relations  to  Echinoderms,  Polyps  and  Acalephs, 
as  well  as  the  general  relations  of  the  Ccelenterata  to  Echino- 
derms, may  be  discussed  again,  especially  as  having  an  impor- 
tant bearing  not  only  on  the  value  of  the  Ccelenterata  as  a  pri- 
mary division  of  the  animal  kingdom,  but  also  on  the  limits  of 
Radiates,  and  the  possible  affinities  of  the  Sponges  and  Ccelen- 

*  Mr.  6.  P.  Mann  translated  for  me  the  explanation  of  the  plates  of  the  two 
Memoirs  of  Kowalevsky. 
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erata  suggested  by  Hseckel.  *  A  still  more  important  point 
developed  from  this  embryology  is  its  connection  with  the  Ga»- 
trsea  tneory  of  Hseckel,  f  for  which  he  claims  that  it  will  sup- 
plant the  Type  theory,  and  give  us  in  its  place  a  new  system 
based  upon  the  homology  of  the  embryonic  layers  and  of  the 
primitive  digestive  cavity.  Hseckel  attempts,  in  his  Gastrsea 
theory,  to  find  an  explanation  for  the  natural  development  of 
species  from  a  purely  mechanical  cause,  and  has  been  bold  enough 
not  only  to  name,  but  also  figure,  the  primitive  ancestor  Irom 
which  all  types  of  the  animal  kingdom  have  been  developed! 
This  unknown  ancestor,  he  says,  must  have  been  built  much  like 
his  gastrula,  only  another  name  for  what  has  long  been  known  to 
all  students  of  Invertebrates  as  the  Planula  of  Dalyell.  Hieckel 
would  lead  us  to  believe  that  this  gastrula  is  a  newly  discovered 
embryonic  stage ;  all  he  has  done  in  reference  to  it,  is  to  recall 
the  existence  of  planulas  among  Sponges  which  had  previously 
been  discovered  by  N.  Miklucho  Maclay.J  Since  the  publication 
of  HseckePs  article,  his  special  interpretation  of  fanci^l  affinities 
and  homologies  existing  only  in  forms  conjured  up  by  Haeckel's 
vivid  imagination,  have  been  sufficiently  criticised  by  Metschni- 
koff*,  §  so  that  until  we  know  something  more  of  the  development 
of  Sponges  we  may  leave  the  discussion  of  their  affinities  with 
Coelenterates  out  of  the  question,  in  spite  of  the  ingenious  argu- 
ments advanced  to  support  Leuckart's  views  on  the  subject. 

"  The  existence  of  planulse,  the  walls  of  which  consist  of  an 
ectoderm  and  entoderm,  lias  been  distinctly  proved  for  Acalephs, 
Echinodemis,  Polyps,  Worms,  Arthropods,  Tunicates,  MollusksJ 
and  finally  for  Amphioxus,  the  papers  of  Johannes  Mtlller,  Krohu, 
Agassiz,  Kowalevsky,  Sars,  Allman,  Clapar^de,  Kupfer,  Metsch- 
nikoiFand  others,  are  too  well  known  to  need  citation  in  this  con- 
nection. So  far  we  are  in  perfect  accordance  with  HaBckel  and 
cordially  agree  with  him  in  his  estimate  of  the  systematic  value  of 
this  early  embryonic  stage,  whether  we  call  it  planula  or  adopt 
his  later  name  of  gastrula.  But  let  us  follow  his  subsequent 
steps  and  separate  what  is  known  from  what  is  stated  as  known 
by  Haickel.  It  is  known  that  the  planula  consists  of  an  entoderm 
and  of  an  ectoderm.  It  is  known  that  the  primitive  digestive 
cavity  is  in  the  case  of  Echinoderms,  of  Cteuophora3  and  of  some 
Discophorie,  formed  by  the  turning  in  of  the  ectoderm,  so  that  the 
walls  of  this  primitive  cavity  is,  in  their  case  at  least,  invariably 
formed  by  the  ectoderm.  It  is  known,  on  the  other  hand,  that  in 
Actiniae,  m  Worms,  in  Hydroids,^  this  primitive  digestive  cavity 
is  hollowed  out  of  the  inner  yolk  mass  of  the  embryo,  and  has  its 

*  Haeckel,  E.     Die  Kalkschwamme,  Berlin,  1872. 
Ha?ckel,  E.     Die  Gastrsea  Theorie,  Jenaische  Zeitschrift,  ix,  1874. 
Maclay,  N.  Mikulcho.     Jen.  Zeitschrift,  iv,  1868. 

Metschnikoff,  E.     Zur  Entwickelungsgeschichte  cL  Kalkschwamme.    Zeits.  f. 
Wiss.  Zool.,  xxiv,  1874. 

I  Lankester,  E.  R.  On  the  primitive  cell  layers  of  the  Embryo.     Ann.  Mag.  N. 
H.,  Feb.,  1873. 
^  Fol,  H.     Die  erete  Entwickelung  d.  Geryonideneies.    Jen.  Zeitsch.,  vii,  p.  471. 
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walls  formed  by  the  entoderm.  We  must  lay  great  stress  on  this 
point,  which  is  alluded  to  by  Haeckel  as  of  no  consequence,  *  for 
this  seems  to  us  to  destroy  the  very  base  ot  his  argument.  If  the 
gastrula  can  in  one  case,  and  in  such  closely  allied  classes  as  Ac- 
tiniae and  ETydroids  on  one  side,  and  Echinoderms  and  Ctenophorad 
on  the  other,  be  built  so  differently  that  in  the  first  case  the  walls 
of  the  primitive  cavity  are  formed  by  the  entoderm,  and  in  the 
other  of  the  ectoderm,  what  becomes  of  all  of  his  subsequent 
generalizations  of  the  value  for  systematic  purposes  of  these  two 
layers  ?  The  distinction  of  entoderm  and  ectoderm  is,  as  Haeckel 
himself  acknowledges,  and  as  is  sufficiently  shown  by  Kowalevsky, 
of  the  greatest  anatomical  value,  yet  how  is  it  possible  that  these 
diflferentlv  constructed  planulae  should  have  the  genetic  connection 
claimed  for  them  by  Hseckel,  if  in  their  very  embryonic  stages 
the  differences  are  of  so  radical  a  nature  that  according  to  the  very 
theory  of  embryonic  layers  so  strongly  insisted  upon  by  HsBckel, 
they  could  have  no  possible  relation,  the  one  being  a  product  of 
the  entoderm,  the  other  of  the  ectoderm,  the  two  primitive  embry- 
onic layers. 

*'*'  It  IS  not  known,  as  is  stated  by  Hseckel,  that  the  walls  of  the 
primitive  digestive  cavity  are  invariably  formed  of  the  entoderm, 
and  when  Haeckel  states  the  result  (the  gastrula)  to  be  the  same 
whether  formed  by  the  ectoderm  or  entoderm  he  states  what  is 
known  to  be  exactly  the  contrary.  It  is  not  known,  as  is  stated 
by  Haeckel,  that  the  mere  fact  of  a  planula  fixing  itself  by  one 
extremity  or  not,  will  in  one  case  lead  to  a  radial  type,  in  another 
to  a  bilateral  type.  What  becomes  of  all  the  free-swimming 
embryos  of  Echinoderms,  of  Acalephs,  of  Polyps?  Are  they 
bilateral  ?  It  is  true  Haeckel  is  obliged,  to  suit  his  theory,  to  con- 
sider the  Echinoderms  as  an  aggregation  of  individuals,  but  he  has 
not  the  countenance  of  a  single  zo5logist  whose  opinion  on  Echi- 
noderms is  of  any  value ;  when  he  says  that  Sars,  whose  knowledge 
of  the  development  of  Echinoderms  was  so  accurate,  agreed  with 
his  peculiar  views,  we  can  only  reply  that  his  agreement  must  be 
based  upon  a  misunderstanding.  We  have  equally  as  many  radial 
and  bilateral  types  developed  either  from  fixed  or  from  pelagic 
gastrula;,  and  to  cite  this  slb  &  causa  efficiens^  the  mechanical  reason 
of  the  genetic  descent  of  all  radiates  from  a  fixed  gastrula,  and  of 
all  bilateral  types  from  a  free-swimming  one,  is  simply  fantastic. 
How  is  it  that  so  many  Actiniae  and  Acaleps  have  their  radiate 
structure  developed  long  before  they  become  fixed?  It  is  not 
known  that  the  embryonic  layers  of  Acalephs  are  truly  homolo- 
gous to  those  of  the  higher  V  ertebrates.  Huxley  simply  speaks 
of  their  bearing  the  same  physiological  relation  to  one  another, 
but  until  we  know  the  gastrula  of  other  Vertebrates  than  Amphi- 
oxus  it  is  idle  to  talk  of  the  continuity  existing  between  the  On- 
togeny of  Amphioxus,  and  the  remaining  membei's  of  the  Verte- 
brate branch,  and  to  nay  that  hence  there  is  no  doubt  left  that  the 

*  Uieckel  and  Lankester  both  seem  to  think  that  because  the  result  is  a  similar 
form  it  must  be  homologous. 
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ancestors .  of  the  Vertebrates  must  have  passed  through  in  the 
beginning  of  their  development  the  gastrula  form!  Neither 
Hseckel  nor  any  one  else  has  seen  this ;  it  is  a  pretty  hint  which 
may  or  may  not  be  proved. 

''  Considerable  confusion  aiises  in  IlaeckeFs  classification  from  his 
adopting  at  one  time  as  of  primary  importance  the  development 
of  the  cavity  of  the  body  and  making  it  the  main  point  in  his 
phylogenetic  classification,  while  previously  the  relations  of  the 
phylum  to  Protascus  and  Prothelmis  (names  he  gives  to  the  un- 
known ancestors  of  the  radial  and  bilateral  types)  formed  the  basis 
of  his  classification.  This  places  him  in  the  awkward  predicament 
of  having  a  phylum  of  the  animal  kingdom  (the  radial)  which  has 
lost  the  capacity  of  forming  a  body  cavity,  and  yet  its  descendants 
have  in  some  unaccountable  manner  (entirely  against  the  rules  of 
HfeckePs  theorv)  managed  to  get  one  by  some  unexplained 
method.  We  do  not  see  how  it  can  be  so  confidently  stated  by 
Hieckel  that  Echinoderms  have  lost  their  original  central  nervous 
organ ;  there  is  no  proof  whatever  of  its  once  having  existed. 
There  is,  as  yet,  no  proof  whatever  that  the  organs  of  sense  (which, 
as  had  already  been  so  often  insisted  upon  by  Agassiz,  are  not 
homologous  in  the  difierent  branches  of  the  animal  kingdom)  have 
the  same  phylogenetic  origin.  When  HaBckel  says  that  the 
mouth  of  Echinoderms  is  not  homologous  to  the  primitive  mouth, 
we  can  only  refer  him  to  the  memoirs  of  Mdller,  Metschnikoff  and 
myself  on  Echinoderm  embryos  for  proof  to  the  contrary. 

"  There  seems  no  doubt,  as  Ha^ckel  insists,  that  to  the  majority 
of  zoologists  of  the  present  day  the  idea  of  type  is  a  very  different 
one  from  that  of  type  as  understood  by  Baer  and  Cuvier.  The 
probability  of  their  original  community  of  origin  is  hinted  at  from 
the  many  so-called  intermediate  forms,  both  living  and  fossil,  which, 
though  we  may  enroll  them  either  in  one  great  branch  of  the  ani- 
mal kingdom  or  another,  yet  show  that  we  can  no  longer  consider 
the  great  types  of  the  animal  kingdom  as  closed  cycles,  but  must 
hereafter  regard  them  as  holding  to  one  another  relations  similar 
to  those  which  the  remaining  cateijories  of  our  systems  have  to 
one  another.  This  change  has  principally  been  brought  about  by 
a  better  knowledge  of  the  embryology  of  a  few  well  known  types. 

"  But  what  becomes  of  all  the  assumptions  of  Hieckel  which'fonn 
the  basis  of  his  Gastraea  theory  ?  They  are  totally  unsupported, 
and  with  their  refutation  must  fall  his  theory ;  it  can  only  take  its 
place  by  the  side  of  other  pliysiophilosophical  systems ;  they  are  in- 
genious arrangements  laboriously  built  up  in  the  interests  of 
special  theories,  which  fall  to  tlie  ground  the  moment  we  test  them 
by  our  actual  knowledge.  That  the  time  has  not  yet  come  for 
embryological  classificatioiis,  the  attempts  of  Haeckel  plainly  show, 
for  they  are  in  no  ways  in  advance  of  the  other  embryological 
classifications  which  have  preceded  them ;  we  get  new  names  for 
somewhat  different  combinations,  but  a  truly  scientific  basis  for  a 
classification  based  upon  the  value  of  embryonic  layers  is  at 
present  impossible;  such  attempts  can  be  only  speculations,  to  be 
proved  or  disproved  on  the  morrow. 
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**  What  Haeckel  sabstitutes  in  the  place  of  the  accepted  types  of 
the  animal  kingdom  is  simplT  another  view  of  these  same  types^ 
and  liis  Gastnea  theory  is  in  no  danger  of  npsetting.  at  present  at 
least,  zodiogical  classification  as  now  understood.  Indeed,  if  we 
need  an  ancestor  for  oar  phylam,  why  not  at  once  go  back  to  the 
cell  ?  There  we  hare  a  definite  startine  point,  a  typical  element 
which  underlies  the  whole  of  the  animal  kingdom  and  which  forms 
the  walls  of  Hseckel's  gastnila.  Then  we  shall  all  be  agreed,  and 
when  we  frankly  state  that  all  organisms  are  derived  from  a  prim- 
itive cell  and  nrom  its  subsequent  increase,  we  come  within  the 
range  of  positive  knowledge,  but  we  are  unfortunately  as  lar  as 
ever  from  havinoc  for  that  reason  been  able  to  trace  a  mechanical 
cause  for  the  genetic  connection  of  the  various  branches  of  the 
animal  kingdom.  We  must  meet  the  direct  issue  raised  by 
Hseckel, — that  such  a  genetic  connection  either  does  or  does  not 
exist, — ^by  repeating  what  has  so  often  been  said  by  others,  this 
mnetic  connection  may  exist,  but  we  have  at  present  no  proof  that 
It  does  exist,  and  at  any  rate  his  gastnea  theory  does  not  bring  us 
any  nearer  to  a  mechanical  explanation  of  such  a  genetic  connec- 
tion however  probable  it  may  be.        *        ♦        ♦        ♦        * 

'^  Here  we  must  call  attention  to  a  marked  difference  between 
Acalephs  and  Polyps  on  one  side,  and  Echinoderms  on  the  other, 
that  while  in  the  &rmer  the  connection  between  the  di(;estive 
cavity  and  the  water  system  always  remains  open,  it  is  at  one  time 
disconnected  in  the  Elchinoderms,  though  it  is  eventually  reopened 
through  anastomoses  of  the  water  tubes.  The  anal  opening  holds 
in  Ctenophorae  very  much  the  same  relation  which  it  holds  in 
Echinoderm  larvae,  in  which  the  water  tubes  are  still  connected 
with  the  primitive  digestive  cavity.  When  we  find,  as  we  do, 
that  in  Ctenophorae  as  well  as  in  Ek^hinoderms,  the  primitive  diges- 
tive cavity  is  formed  by  the  intuming  of  the  ectoderm,  that  in 
both  classes  the  water  system  is  developed  as  diverticula,  from 
this  digestive  cavity,  we  fail  to  see  how  we  can  separate  the  Cteno- 
phorae from  Echinoderms  and  place  them  with  Polyps  in  a  separate 
subkingdom  of  the  animal  kingdom.  No  one  questions  the  relation- 
ship of  Ctenophorae  to  Acalephs,  yet  from  embryological  data  it 
would  be  more  natural  to  associate  Echinoderms  and  Ctenophorae 
into  one  subkingdom  characterized  by  the  mode  of  formation  of 
the  water  system  as  diverticula,  forming  eventually  chymiferous 
tubes  in  both  classes,  and  to  associate  the  other  Acalephs  with  the 
Polyps*  where  the  chymiferous  tubes  and  cavities  are  formed  by 
the  liquefaction  of  the  interior  of  the  planula.  Any  one  who  will 
compare  the  figures  of  the  embryos  of  starfishes  (A.  Agassiz,  Em- 
bryoL  Starfish,  pi.  ii,  fig.  8)  and  Ctenophorae  (pi.  iii,  figs.  6-10; 
pL  V,  figs.  5,  11)  at  the  time  when  the  chymiferous  tubes  are  re- 
duced to  mere  diverticula,  cannot  fail  to  feel  satisfied  of  their 
complete  identity  of  plan.  Metschnikoff  has  made,  in  addition  to 
the  homologies  I  have  just  recalleri,  a  most  interesting  comparison 

*  .See  Allman's  views  on  the  position  of  the  Ctenopliora?  as  contrasted  to  the 
Actinozoa.     Trans.  R.  S.  Edinb.,  xxvi,  pi.  ii,  p.  4G6,  1871. 
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between  an  Echinoderm  larva  and  a  Ctenophore ;  he  shows  that 
even  in  the  adult  Ctenophore  the  identity  of  plan  is  not  destroyed 
and  is  carried  out  to  the  smallest  details.  The  only  point  in  which 
I  would  differ  from  him  is  in  his  comparison  of  the  abactinal  cceliac 
openings  to  the  actinostome ;  he  seems  to  forget  that  in  Echino- 
derm larvae  what  at  first  performed  the  part  of  anus  and  mouth 
eventually  becomes  the  mouth  alone,  so  that  his  figures  should  be 
reversed,  and  then  the  identity  will  l)e  found  complete  between  an 
Echinoderm  larva  (see  A.  Agassiz,  Embryol.  Starfish,  pi.  iii,  fig. 
6,  and  pi.  vii,  fig.  8)  with  its  oesophagus,  digestive  cavity,  ali- 
mentary canal  and  its  chymiferous  pouch  (water  system)  from 
which  run  the  diverticula  eventually  to  become  the  water  tubes, 
and  a  Ctenophore  (pi.  iii,  ^^,  25)  with  its  lateral  tubes  on  the 
sides  of  the  digestive  cavity  (^),  leading  into  the  cbymiferoas 
pouches,  to,  branching  into  the  chymiferous  tube.  The  cceliac 
opening  (pi.  iii,  fig.  45,  ca)  of  the  funnel  he  looks  upon  as  repre- 
senting the  madreporic  body,  while  I  look  upon  them  as  the  anal 
openings.  In  this  view  of  the  case,  the  Ctenophore  is  rather  more 
in  the  embryonic  condition  of  the  Echinoderm  larva,  when  the 
actinostome  leading  into  the  digestive  cavity  should  perform  at 
the  same  time  the  function  of  mouth  and  anus,  which  it  occasion- 
ally does,  although  at  other  times  the  cceliac  opening  of  the  funnel 
seems  to  be  the  true  anal  opening,  while  according  to  Metschnikoff, 
it  is  the  madreporic  body,  which  performs  the  part  of  an  anal 
opening.  He  says  it  only  acts  to  introduce  water  into  the  system, 
wnich  IS  contrary  to  my  observations. 

I  may  here  recall  former  statements*  concerning  the  afllinities  of 
the  Ctenophora},  when  describing  some  of  the  younger  stages.  It 
could  only  be  after  a  careful  comparison  of  Ctenophorous  and 
of  Echinoderm  embryos,  that  undoubted  evidence  of  their  identity 
of  plan  might  be  obtained.  The  Ctenophorse  retain  the  perma- 
nently embryonic  features  of  Echinoderm  embryos,  in  which  the 
water  system  is  still  connected  with  the  digestive  cavity.  The 
formation  of  a  funnel  as  a  sort  of  alimentary  canal,  opening  exter- 
nally through  the  cceliac  apertures  at  the  abactinal  pole,  corres- 
ponds to  the  existence  of  a  short  alimentary  canal  in  Echinoderm 
larvae.  The  Ctenophone  are  from  their  embryology,  more  closely 
related  to  the  Echinoderms  than  to  the  other  Acalephs,  and  it 
seems  natural  to  separate  the  Acalephs  into  two  orders,  the  Cten- 
ophorae  charactenzed  by  the  ])resence  of  locomotive  flappers,  and 
the  Medusidae,  including  the  Discophorae,  and  Hydroids. 

10.  Demlopment  of  Marine  Spouf/es. — Mr.  H.  J.  Carter  has  a 
paper  in  the  Annals  and  Mai^jazine  of  Natural  History  for  Novem- 
ber (to  bo  continued  in  the  following  number),  giving  an  account 
of  the  results  of  his  microscopic  investigations  of  marine  sponges, 
with  regard  to  the  development  from  the  earliest  recognizable 
appearance  of  the  ovum  to  the  perfect  individual  sponge.  " 

*  Agassiz,  Alexander.     III.  Cat.  M.  C.  Z.,  No.  2,  p.  12,  1865. 
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ni.   Astronomy. 

1.  On  the  apparent  Connection  bettoeefi  Sunrspot  and  Atmos- 
pheric Ozone  ;  by  T.  Moffat. — At  the  last  meeting  of  the  British 
Association,  Mr.  Smith,  of  Cirming,  gave  me  a  record  of  new 
groups  of  sun-spots  which  appeared  m  each  year  for  a  number  of 
years,  and  he  asked  me  to  compare  the  mean  daily  quantity  of 
ozone  in  each  year  with  the  number  of  groups.  I  have  done  so, 
for  nineteen  years,  1861-1869. 

It  would  appear  from  the  results  that  the  maximum  of  sun- 
spot  gives  a  maximum  of  ozone,  and  that  the  minimum  of  sun-spot 
gives  the  minimum  of  ozone.  The  years  1854  and  1863  appear 
to  be  exceptional.  In  1864,  however,  ozone  observations  at 
Ha  warden  were  suspended  for  three  months,  which  may  account 
for  the  irregularity  in  that  year.  There  is,  I  think,  in  these  results, 
sufficient  to  induce  others  to  observe. — Ptoc.  Brit.  Assoc,  Nature, 
Sept.  17. 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  Permanent  Ice  in  a  Mine  in  the  Rocky  Mountains;  by 
R.  Weiser  of  Georgetown,  Colorado.  (Communicated.) — Geolo- 
gists have  been  not  a  little  perplexed  with  the  frozen  rocks  found 
m  some  of  our  silver  mines  in  Clear  Creek  Co.,  Colorado.  I  will 
first  give  a  statement  of  the  facts  in  the  case,  and  then  a  theory 
for  their  explanation. 

There  is  a  silver  mine  high  up  on  McClellan  Mountain,  called 
the  "Stevens  Mine."  The  altitude  of  this  mine  is  12,500  feet. 
At  the  depth  of  from  60  to  200  feet  the  crevice  matter,  consisting 
of  silica,  calcite,  and  ore,  together  with  the  surrounding  wall- 
rocks,  is  found  to  be  in  a  solid  frozen  mass.  McClellan  Moun- 
tain is  one  of  the  highest  eastern  spurs  of  the  Snowy  Range ;  it 
has  the  form  of  a  horse-shoe,  with  a  bold  escarpment  of  feldspathic 
rock  near  2,000  feet  high,  which  in  some  places  is  nearly  perpen- 
dicular. The  Stevens  Mine  is  situated  in  the  southwestern  bed 
of  the  great  horse-shoe ;  it  opens  from  the  northwestern.  A  tun- 
nel is  driven  into  the  mountain  on  the  lode,  where  the  rock  is  al- 
most perpendicular.  Nothing  unusual  occurred  until  a  distance 
of  some  80  or  90  feet  was  made ;  and  then  the  frozen  territory 
was  reached,  and  it  has  continued  for  over  two  hundred  feet. 
There  are  no  indications  of  a  thaw  summer  or  winter;  the  whole 
frozen  territory  is  surrounded  by  hard  massive  rock,  and  the  lode 
itself  is  as  hard  and  solid  as  the  ro<-k.  The  miners  being  unable 
to  excavate  the  frozen  material  by  pick  or  drill  to  get  out  the  ore 
(for  it  is  a  rich  lode,  running  argentiferous  galena  from  5  to  1,200 
ounces  to  the  ton),  found  the  only  way  was  to  kindle  a  large  wood 
fire  at  night  against  the  back  end  of  the  tunnel  and  thus  thaw 
the  frozen  material,  and  in  the  morning  take  out  the  disintegrated 
ore.  This  has  been  the  mode  of  mining  for  more  than  two  years. 
Tlie  tunnel  is  over  two  hundred  feet  deep  aiid  there  is  no  diminu- 
tion of  the  frost ;  it  seems  to  be  rather  increasing.     There  is,  so 
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far  as  we  can  see,  no  opening,  or  channel  through  which  the  frost 
could  possibly  have  reached  such  a  depth  from  the  surface. 
There  are  other  mines  in  the  same  vicinity  in  a  like  frozen  state. 
From  what  we  know  of  the  depth  to  which  frost  usually  pene- 
trates into  the  earth,  it  does  not  appear  probable  that  it  could 
have  reached  the  depth  of  two  hundred  feet  through  the  solid  rock 
in  the  Stevens  Mine,  nor  even  through  the  crevice  matter  of  the 
lode,  which,  as  we  have  stated,  is  as  hard  as  the  rock  itself.  The 
idea,  then,  of  the  frost  reaching  such  a  depth  from  the  outside, 
being  utterly  untenable,  I  can  do  no  other  way  than  to  fall  back 
upon  the  Glacial  era  of  the  Quaternary.  Evidences  of  the  Glaci&l 
Period  are  found  all  over  the  Rocky  Mountains.  Just  above  the 
Stevens  Mine  there  are  the  remains  of  a  moraine  nearly  a  mile 
long,  and  half  a  mile  wide.  The  debris  of  this  moraine  consists 
of  small  square  and  angular  stones,  clearly  showing  that  they 
have  not  come  from  any  great  distance.  And  just  over  the  range, 
on  the  Pacific  slope,  there  are  the  remains  of  the  largest  moraine  1 
have  ever  seen,  consisting  of  feldspathic  boulders  of  immense  siae. 
I  conclude,  therefore,  that  it  was  during  that  period  of  intense  cold 
that  the  frost  penetrated  so  far  down  into  these  rocks;  and  that  it 
has  been  there  ever  since,  and  bids  fair  to  remain  for  a  long  time 
to  come. 

2.  Franz-Joseph  Land, — Two  papers  are  published  in  the  cui^ 
rent  volume  of  Petermann's  Geographical  Journal  (p.  381),  on  the 
Austrian  Arctic  discoveries,  one  by  Petermann,  and  the  other  by 
Dr.  Joseph  Chavanne.  The  accompanying  map  represents  the 
Francis- Joseph  Land  as  a  group  of  large  and  small  islands,  between 
the  paralells  of  79"  50'  and  83''  10',  and  between  the  meridians  of 
49°  and  65°  east  of  Greenwicli.  The  limits  of  the  larger  masses 
of  land  remain  yet  unascertained. 

3.  Physiology  ;  by  M.  Foster,  M.A.,  F.R.S.  Part  VI  of  Sci- 
ence Primers,  edited  by  Professors  Huxley,  Roscoe  and  Balfonr 
Stewart.  1.S2  pp.  16mo.  (D.  Appleton  &  Co.,  New  York. — An 
excellent  little  work,  simple  in  language,  clear  in  its  explanations 
and  illustrations,  and  p^ood  in  its  science. 

4.  77ke  Transit  of  Venus;  by  George  Forbes,  B. A.,  Prof  Nat 
Phil,  in  the  Andersoiiian  University,  Glasgow.  100  pp.  12mo, 
with  numerous  illustrations.  London  and  New  York  (Macmillan 
&  Co.). — This  volume  is  a  revised  issue  of  a  series  of  articles  pub- 
lished in  Nature,  which  give  in  detail  the  objects  and  methods  of 
the  observations,  with  an  account  of  the  expeditions  sent  out  by 
the  different  goverimients.  The  explanations  of  the  subject  aiv 
made  as  popular  as  the  case  admits  of,  and  are  well  illustrated 
by  figures. 

5.  Swedish  Iron  Ores. — A  collection  of  the  Swedish  ores  has 
been  received  by  Lafayette  College,  Easton,  Pennsylvania,  from 
the  iron  department  under  the  Swedish  government. 

Tidal  Researches:  by  AVilliam  Ferrell,  M.A.,  Assistant  U.  S.  Ck>ast  Survey. 
2G8  pp.,  4to,  with  3  plates.     From  the  U.  S.  Coast  Survey  Report  for  1874. 
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Barnham,  W.  A.,  magnetiHm  in  soft  iron 
on  reverBul  of  current,  202, 
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Oalculatmg  machine,  new,  Grants  277. 

Capillary  tubes,  flow  of  saline  solutions 
through,  211. 

Carney^   K    L.,   effect    of    longitudinal 
vibrations  upon  eleetro-miignets,  203. 

Carter,  H.  J.,  on  sponges,  noticed,  478. 

Casiriy  magnetic  equivalent  of  heat,  4G:i 

Chase^  A.  Wl,  habits  of  wood-rat,  73. 

ChasCj  P.  K^  velocity  of  primitive  undu- 
lation, 366. 

Chemical  centennial,  80,  239. 

Cincinnati  Journal  of  Science,  404. 

Clarke^  F.  W.,  molecular  heat  of  similar 
compounds,  340. 

molecular  volume  of  water  of  crys- 
tallization, 428. 

Coan^  7!,  coral  reefs  of  Hawaii,  466. 
ilawaiian  volcanoes,  467. 

Cobalt  hezatomic  compounds  of,  Oibbs, 
189,  284. 

Colorado  School  of  Mines,  322. 

Comet,  Coggia's,  78,  166. 
spectrum  of,  398. 

Conductivity,  unilateral,  464. 

Contractional  hjrpothesis,  DuUon,  113. 

CookCj  J.  P.,  note  to  monograph  on  ver- 
miculites,  139.* 

Cooper,  I.  G.,  influence  of  climate  and 
topography  on  trees,  noticed,  71. 

Cope,  E.  D.,  flshos  of  Utah,  noticed,  146. 

(yoral  reefs,    notes   on   Darwin's   work, 
Dana,  312. 

of  Hawaii,  406. 

Couple,  copper-zinc,  action  of,  311, 

Cox,   E.   S.,    geological    report,    noticed, 
319. 

Grace- Spinelli  and  Si'vel,  aqueous  lines  in 
solar  spectrum,  1  Mk 

Croll,  t/.,  cause  of  ocean-currents,  22H. 

Grookes,  repulsion  duo  to  heat,  <)2. 

D 

Dana,  E.  S.,  on  datolite,  08. 
on  atacamito,  09. 

trap   rocks  of   Connecticut   Valley, 
390. 

and  A.  Schrauf^  thermo-electric  pro- 
perties of  minerals,  255, 
Dana.  J.  D ,  changes  in  subdivisions  of 
geological  time  in  Manual  of  Geology, 
213. 
coal  of  Carboniferous  age,  210. 
notes  on  Darwin's   work    on   coral 
reefs,  312. 

serpentine  pseudomorplis,  etc.,  from 
Tilly  Foster  Iron  Mine,  371,  447. 
coral  reefs  of  Hawaii.  460. 
Manual  of  Geology,  noticed,  67. 
correction,  323. 
Darwin,  C,  work  on  coral  reefs,   notes 
on,  Dana,  312. 


Dawson,   G.  M^  lignitic    north  of  the 
parallel  of  49°,  noticed,  142. 

Dawson,  J.  W.,   on   marine  Chamfdain 

north  of  Lake  Superior,  and  on  climate 

of  Champlain  period,  noticed,  143. 

vegetable  paleontology,  noticed,  151. 

Permian  in  Nova  Scotia,  noticed,  469. 

DeCandolle,  A.,  on  physiological  groups 
in  vegetable  kingdom,  noticed,  147. 

Decay  of  nitrogenous  organic  substances, 
Armsby,  337. 

Dielectricity  of  insulators,  210. 

Diffraction  gratings,  Blake^  33. 

Domeyko,  Don  1.,   Chilian  mineralogj, 
noticed,  145. 

DuUan,  C.  E.,   criticism   upon   the  con- 
tractional hypothesis,  113. 

£ 

Earthquakes,  recent  in  North  Carolina, 

Brddley,  79. 
Earthquake,  von  Seebach,  455. 

at  Aachen,  Lasaulx  on,  392. 
Earth's    axial    rotation,   variability   of, 

NeiDcombj  161. 
Electrical    currents    through   iron  and 

steel  bars,  molecular  change  produced 

by,  Trowbridge,  18. 
Electrical  phenomena,  387. 
Electric  discharge,  composite  nature  ef, 

Mayer,  336. 
Electricity,    dissipation    of,    by   flam^ 

Fawkes,  207. 
frictional,  139. 
Electro-magnets,     effect     of     vibrations 

upon,  Carney,  203. 
Emerson,  B.  /T.,  review  of  von  Seebach's 

earthquake  of  March  6,  1«72,  455. 
Erdmann,   E.,  on  the  Carboniferous  of 

Scania,  noticed.  394. 
Eucalyptol,  59. 
Evaporation,  forces  caused  by,  385. 

F 

iFa^ust  and  Uomeyer,  eucalj^-ptol,  59. 
Fawkes,  J.    W.,  dissipation  of  electricitr 

bv  flames,  207. 
Ferret,     W.,    barometric     gradient    and 

velocity  of  wind,  343. 
Fluoxvboric  acid,  309. 
Foster,  M.,  Physiology,  noticed,  478. 
Forbes,   G.,  Transit  of  Venus,  notice.!, 

478. 
Franklin  Institute,  Journal,  noticed.  403. 
Franz-Joseph  Land,  401,  478. 
Fusion,  change  of  volume  by,  212. 
Fusion  of  metals,  387. 

G 

Gas  analysis,  Uiuman^  182. 

!  Gahh,  W.  M.,  geology  of  Costa  Rica,  liSS. 
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Qwrdner,  J.  T.,  map  of  central  Colorado, 

noticed,  400. 
Geinitas,  H.   B.,  Das   Elbthalgebirge  in 

Sachsen,  noticed,  394. 
Oeological  Report,  Canada,  noticed,  319. 
Hokkaido,  158. 
Indiana,  319. 
Territories,  469. 

West  of  100th  meridian,  80,  468. 
Yesso,  221. 
Geological  Survey,  Georgia,  394. 
Italy,  144,  395. 
Pennsylvania,  67. 
Sweden,  395. 
Geological    time,   changes  in    sub-divi- 
sions of,  Dana^  213. 
Geologt — 

Anomalodonta  identical  with  Megap- 

tera.  218. 
Archiean,  in  Putnam  Co.,  Now  York, 

Dana,  371. 
Cardiocarpus,  winged  fruit  of,  216. 
Ghamplain   north  of   Li\ke  Superior, 

and  climate  of,  143. 
Coal-beds,  metamorphic  products  from 

burning  of,  141. 
Coal  in  Cretaceous  of  Minnesota,  67. 
Coal,  not  made  of  bark,  216. 
Coals,  ash  of  American,  216. 
Coal-seams,  parallelism  of,  Andrews,  56. 
Coral  reefs,  Niagara,  219. 
Costa  Rica,  Gabb,  388. 
Drift  in  Kansas,  4G6. 
Elephant  and  Mastodon  in  California, 

143. 
Gtold  Hill  mining  region,  MarvinCy  29. 
Helderberg  rocks  in  New  Hampshire, 

68. 
Lignitic  north  of  49^  142. 

of  Rocky  Mts.,  Meek,  459. 
Mammals,  brain  in  Tertiary,  Marsh,  66. 
Metamorphic  Silurian  rocks  in  North 

Carolina,  390. 
Permian  in  Nova  Scotia,  469. 
Quaternary  in  New  Brunswick,  219. 
Superior,  Lake.  Irving,  46. 
Plants,  land,     from    Lower    Silurian, 

Newberry,  110,  160. 
Plants,  Carboniferous,  in  the  Alps,  218. 
Tin-bearing  country,  403. 
Trap,  fossils  in,  219. 
Trap    rocks    of    Connecticut    Valley, 
Dana,  390. 
Genth,  F.  A.,  reply  to  Hunt,  221. 
Gihhs,     W.,    hexatomic    compounds    of 

cobalt,  189,  284. 
Gladstone  and    Tribe,  action  of  copper- 
zinc  couple  on  chlorides  of  ethylene 
and  ethylidene,  311. 
Glasenapp  on  variability  of  earth's  axial 

rotation,  161. 
Goode^  G.  B.,  fishes  from  Bermuda,  123. 


G<mld,  B.  A.,  number  and  distribution 

of  fixed  stars,  325. 
Grant,  G.  B.,  calculating  machine,  277. 
Gray,  A.,  botanical  notices,  69,  147,  320, 

395,  469. 

botanical  contributions,  noticed,  70. 
Great  Salt  Lake,  change  of  level  in,  226. 
Gunther,  A.,  on  tortoises  of   Mauritius 

and  Galapagos,  noticed,  403. 


Hajckel's  Gastraea  theory,  472. 
HaU,  J.,  on  Goniatida),  noticed,  220. 
Hartt,  C.  F.,  and  Derby,  0.  A.,  Bulletin 

of  the  Cornell  University,  noticed,  144. 
Uartwig,   compounds  of   thallium   with 

alcohol  radicals,  60. 
Hawes,   G.   H.,   analysis  of  serpentine 

pseudomorph,  451. 

examination  of  brucite,  453. 
Heat,  magnetic  equivalent  of,  463. 

molecular,    of    similar   compounds, 

Clarke,  340. 
repulsion  due  to,  62. 
specific,  of  gases,  465. 
Helbing,  first  products  of  distillation  of 

benzol,  382. 
Henshaw,  H.  W.,  birds  of  Utah,  noticed, 

146. 
Himes,  C.  F,  preparation  of  photographic 

dry-plates  by  daylight,  1 6. 
chemical  works,  noticed,  140. 
Hinman,  0.  W.,  new  apparatus  for  gas 

analysis,  182. 
Holden,  E.  S.,  and  S,  Newcomb,  periodic 

changes  in  sun's  apparent  diameter, 

268. 
Honeyman,    D.,   Quaternary    containing 

fossil  cetacean,   Niagara  coral  reefs, 

fossils  in  trap,  219. 
Hiibener,  M.  T.,  flow  of  saline  solutions 

through  capillary  tubes,  211. 
Huggins,    W.,  motions  of   some  of  the 

nebulfiB,  75. 

spectrum  of  Coggia's  comet,  398. 
Hunt,  T.  S.,  reply  of  Genth  to,  221. 
Hydrogenium,  alloys  of,  132. 


Ice,  permanent  in  Rocky  Mts.,  477. 
Iron  ores  containing  phosphoric  acid,  on, 

Bogardus,  334. 
Irving,  R..  copper-bearing  rocks  of  Lake 

Superior,  46. 


Joulin,  M.  L.,  frictional  electricity,  139. 


Kingzett,  ozone  not  produced  by  oxida- 
tion of  essential  oils,  310. 
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Knox,  M.  V.  B.,  drift  in  Kansas,  466. 
KoJUratuch^  expansion  of  hard  rubber, 

384. 
Kolbt,  preparation  of  salicylic  add,  383. 
Kowalevsky,   A.,   notice  of  papers  on 

embryology  by,  470. 
Krau88j  antimony  blue,  132. 


Lactic  acid  of  the  allyl  series,  134. 

Lakes,  the  Great,  fluctuations  in  80. 

Lasaulx,  A.  von,  on  earthquake,  noticed, 
392. 

Leidy  t/*.,  enemies  of  Difflugia,  revivifica- 
tion of  rotifer,  223. 
new  rhizopods,  224. 

Leucin  in  vetch,  134. 

Linnean  Society,  397. 

Loomis,  E.^  results  from  examination  of 
U.  S.  weather  maps,  1. 

Lovering  •/.,  mathematical  and  philosoph 
ical  state  of  physical  sciences,  297. 

Loveii     spectroscope    with     fluorescent 
eyepiece,  64. 

Lyman,  B.  S.,  geological  report,  noticed, 
221. 

M 

Magnetic  observatory  in  China,  159. 
Magnetism,  effect  of,  on  electric  discharge 

in  rarefied  gases,  138. 

in  soft  iron,  Bumharrij  202;  Sears, 

21. 
Mallet,  i?.,  volcanic  energy,  140. 

change  of  volume  by  fusion,  212. 
mechanism  of  Stromboli,  200. 
Marianini,  electrical  phenomena,  387. 
Marsh,   0.   C,  brain  in   Tertiary  mam- 
mals, 66. 
Marvine,  A.  P.,  Gold  Hill  mining  region, 

29. 
Maximowicz,  Diagnoses  Plantarum  Jap 

onijE,  noticed,  70. 
Maxwell,  double  refraction  of  viscous  fluid 

in  motion,  63. 
Mayer,  A.  M.,  researches  in  acoustics,  81, 

170,  241,  362. 
method   of  investigating  composite 

nature  of  electric  discharge,  336. 
Meek,  F.  B.,  age  of  Lignitic  formation  of 

Rocky  Mts.,  459. 
Meteoric  iron  from  Peru,  398. 
Meteorites,  399. 
Meteorology,  American,  399. 
of  Havana,  noticed,  401. 
Miescher,  protamine,  new  base  from  sper- 

matozoids  of  salmon,  136. 
Mineralogical  collection  of  Dr.    Troost, 

319. 
Minerals,  etc. — 

Atacamite,  Dana,  68. 

Brucite  pseudomorphs,  449,  453. 


Minerals,  bto. — 

Biotite,  pseudomorphs  after,  449. 

Calcite,  pseudomorphs  after,  379. 

Chlorite,  pseudomorphs  after,  381. 

Chondrodlte,  pseudomorphs  after,  447. 
455,  456. 

Datolite,  DaiMy  68. 

curious  association  of,  434. 

Dolomite,  pseudomorphs  after,  449, 453, 
456. 

Enstatite,  pseudomorphs  alter,  448. 

Garnet,  curious  association  of,  SmWi, 
434. 

Hornblende,  pseudomorphs  after,  44^ 

Idocrase,  curious  association  of,  434 

Livingstonite,  145. 

Magnetite  pseudomorphs,  Dantk,  454. 

Pyrrhotite  pseudomorphs,  Dana,  456. 

Serpentine  pseudomorphs,  from  Tillj 
Foster  Iron  Mine,  D>ana^  371,  447. 

Tin,  wood,  in  Georgia,  390. 

Trap  rocks  of  Connecticut  valley,  Dana, 
390. 

Yermiculites,   note  to  monograph  on, 
Cooke,  139. 

Veszelyte,  145. 

Warwickite,  SmWi,  432. 
Minerals,  thermo-electric  properties  of, 

iSrArau/and  Dana^  252. 
MoffaX,    T.y    sun-spot    and    atmospheric 

ozone,  477. 
Mojsvar,  E.   M.    von,   geological   work. 

noticed,  68. 
Molecular  heat  of    similar   compounds. 

Clarke,  340. 
Morey,  C  A.,  phonautograph,  130. 
Munroe,  H.  S-,  geological  report  noticed, 

158. 
Musical  harmony,  Mayer,  252. 
note,  curve  of,  Mayer,  177. 

N 

Nebulffi,  motions  of,  Huggins.  75. 
Newberry,  J.   S.,  land  plants  from   the 

Lower  Silurian,  110,  160. 
New  York,  museiun  of  natural  histonr, 

78. 
Kewcomb,  S.,  and  E.  S.  Holden,  periodic 

changes   in  sun's   apparent  diameter. 

2t)8. 
Xewcatnb,   S.,  variability  of  the   earl's 

axial  rotation,  161. 
Nitrogenous   organic    substances,   decay 

of,  Armshy,  337. 

0 

Obituary — 

Beaumont,  Elie  de,  404. 
Hessenberg,  Friedrich,  404. 
Meissner,  C.  F.,  72. 
Shuttleworth,  Robert,  155. 
Wyman,  Jeffries,  323. 


INDEX. 


483 


Obflervatory,  Oordoba,  78. 
in  Sierra  Nevada,  78. 
Ooean-currents,  cause  of,  228. 
Ooean^s  bed  between  Honolulu  and  Yoko- 
hama, 234. 
Oxford,  chair  of  geology  at,  160. 
Ozone,  and  sun-spot,  477. 

not  produced  by  oxidation  of  essen- 
tial oils,  310. 


Boodf  0.  y.j  optical  method  of  studying 

the  vibrations  of  solid  bodies,  126. 
Bose,  G.y  meteoric  iroD  from  Pern,  398. 
Rubber,  expansion  of  hard,  384. 


Packard,  A.  S.,  Jr.,  work  on  insects,  no- 
ticed, 323. 

Reoord  of  Entomology,  noticed,  395. 
Paris,  Academy  of  Sciences,  160. 
Pengelly,  W.,  exploration  of  Brixham 

cave,  noticed,  68. 
Perrey,  A.,  on  earthquakes,  noticed,  159. 
Phillips,  J.  A.,  Metallurgy,  noticed,  240. 
Phonautograph,  Morey.  130. 
Phosphoric  acid,  on  iron  ores  containing, 

BogarduSj  334. 
Photographic  dry-plates,  preparation  of 

by  daylight,  Himea^  16. 
Physicnl    sciences,    mHthematical     and 

philosophical  state  of,  Lovering^  297. 
Pickering^  E.  C,  physical  notices,  62.  137, 

210,  384,  463. 
Pigment,  blue,  of  the  Egyptians,  159. 
Pinner^  lactic  acid  of  allyl  series,  134. 
Planet,  new,  78. 
Polarization  of  metallic  surfaces,  65. 

of  plates  of  condensers,  Thayer^  208. 
Protamine,  new  base  from  spermatozoids 

of  salmon,  135. 
Pseudomorphs,    serpentine,    etc..    from 

Tilly  Foster  Iron  mine,  Dana,  37 1,  447. 

a 

Quincke,  M.  O.,  polarization  of  metallic 
surfaces,  65. 


Rainfall  and  solar  spots,  BrockUsby,  439. 

Rath,  O.  vim,  mineralogical  contribu- 
tions, noticed,  319. 

Refraction,  double,  of  viscous  fluid  in 
motion,  63. 

Refraction  of  liquids,  index  of,  386. 

Renevier,  E.,  Tableau  des  Terrains  Sedi- 
mentaires,  noticed,  400. 

Reynolds,  0.,  forces  caused  by  evapora- 
tion from  a  surface,  385. 

Richards,  R.  H.,  jet  aspirator  for  chemi- 
cal and  physical  laboratories,  412. 

Riloy.  C.  v..  Entomological  report,  no- 
ticed, 322. 

Rive,  De  La,  and  Sarasin,  effect  of  mag- 
netism on  electric  discharge  in  rarefied 
gases,  138. 

Raiti^  M,  A.,  electrical  phenomena,  387. 


S 

Salicylic  acid,  383. 

Schmidt,  A.,  Mallet's  view  of  fusion  of 

metals,  387. 
Schrauf,  A.,  and  E.   S.  Dana,  thermo- 
I!     electric  properties  of  minerals,  252. 
Schrauf,  A.,  on  veszelyte,  noticed,  145 
Schuster,  A.,  unilateral  conductivity,  464. 
Scudder,   S.  H.,  cockroaches  from  Car- 
boniferous, noticed,  143. 
Seaman,    W.    H.,    use    of    cyclosis    in 

America,  469. 
Sears,  D.,  magnetism  of  soft  iron,  21. 
Seebach's,  K.  von,  earthquake  of  March 

6,  1872,  Emerson,  455. 
Seyberth,  taurin  not  isethionamide,  61. 
Sfiaw,  changes  in  vegetation  produced  by 

sheep-grazing,  69. 
Siebold,   Anatomy  of  the  Invertebrata, 

noticed,  146. 
SiUiman,  B.,  tellurium  ores  of  Colorado, 

25. 
Smith,  J.  L.,  warwickite,  432. 

curious  association  of  garnet,  ido- 

craso  and  datoiite,  434. 

volume  of  collected  researches,  no- 
ticed, 144,  240. 
Smithsonian  Report,  noticed,  158. 
Solar,  see  Sun. 
Sound,  analysis,  Mayer,  170,  247. 

reflection  of,  from  flames  and  heated 

gases,  Mayer,  362. 
Spectrocope   with  fluorescent  eyepiece, 

64. 

Spectrum  of  Coggia's  comet,  156,  398. 
solar,  136. 

of  zodiacal  light,  Wright,  39. 
Stars,  fixed,  number  and  distribution  of, 

Gould,  325. 
Stefan,  apparent  adhesion,  137. 
Stone,  W.  H.y  pressure  required  to  sound 

wind  instruments,  384. 
Stromboli,  mechanism  of,  Mallet,  200. 
Sun,  apparent  diameter,  periodic  changes 

in,  Newcomh  and  Holden,  268. 
and  atmospheric  ozone,  477. 
spots  and  rainfall,  Brocklesby,  439. 
spectrum  of,  136. 


Taurin  not  isethionamide,  61. 
Tellurium  ores  in  Colorado,  SiUiman,  25. 
;  Terquem  and  Trannin,  index  of  refraction 
I     of  liquids,  386. 

iThallium,  compounds  with  alcohol-radi- 
i     cals,  60. 
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flkflynr,  A.  A,  pdlarinlkm  of  platot 

ooDdonMn,  208. 
Tkmuxrd,  P.  and   A.,  oondtOMtMin   ol 

acetylene  by  aOent  electr&e  discharge, 

61. 
fSelfmi,  Ck)ggia'a  oomet,  78. 
IhHmi  and  Bami^fmiUe,  tJikijB  of  hjdro- 

genimn,  13S. 
nvwbridgo,  J.,  molecular  change  bv  elec- 
trical onrrento  throuc^  iron  and  steel 

bars,  18. 
Tsohennak,  G^  Mineralogische  Mittheil- 

ungen,  noticed,  393. 
TuBoarora  Boundings,  234. 


Undulation,  velocitj  of  primitlTe,  Chtm^ 
366. 


Vanilline,  384. 

Yibrationx,  optical  method  of  stodjing, 

Rood,  126. 
Volcanic  energy,  MaOetf  140. 
Volcano,  mechanism  of  Stromboli,  MaB^ 

200. 
Volcanoes,  note  on  Hawaiian,  467. 

w 

Waaklyn,  J.  A.,  milk  analyses,  noticed, 
140. 

Water  of  crystallization,  molecular  vol- 
ume of,  Clarke^  428. 

Weather  maps,  results  from  examination 
of,  Loomi8^  1. 

Wiedemanny  specific  heat  of  gases.  466. 

WetaeTj  B..,  permanent  ice  in  mine  in 
Rocky  Mts.,  477. 

Wheeler,  G.  M.,  topographical  atlas,  no- 
ticed, 80. 

White^  C.  A.y  Anomalodonta  identical 
with  Megaptera,  218. 

Williamson,  W.  C,  primeval  vegetation 
and  evolution,  noticed,  160. 


ofHWaUa,  0.  H.,  oilalogiie  d  plants,  vo- 

ticed,71. 
Wilson,  A.,  statue  of,  322. 
Wind  inatruments,  pressure  required  to 

sound,  384. 
Wind,  velooity  of,  and  barometric  gn- 

dient,  JbrvH  343. 
Windiell,  JL,  Doctrine  of  Evolution,  do- 

tiosd,74. 
Wkig,  if.  £,  Aurora  at  West  Gharldte, 

Vermont,  167. 
Wisconsin  Academy,  Transactions,  no- 
ticed, 404. 
Wrightt  A.  W.,  spectrum  of  the  sodiacal 

li^t,39. 
polarisoopic  observations  of  Coggia's 

comet,  166. 


Taimt  L,  O^  fossil  elephant  and  mastodoa 
in  California,  143. 


Zodiacal  light,  spectrum  of,  Wright,  39. 

ZOOLOOT— 
Brain  in  Tertiaiy  mammals,  Marsk,  66. 
Coral  lee^  notes  on  Darwin^s  woric, 

Dana,  812. 

of  Hawaii,  466. 
Difflugia,  enemies  of,  Leidy^  223. 
Embryology,  notice  of  Kowalevsky's 

papers,  470. 
of  Ctenophone,  47 1 . 
Fishes,  from  Bermuda  CfoodA,  123. 
Gastnea  theory,  472. 
Mollusca,  distrilDution  of,  in  Bahamas. 

231. 
Rat,  habits  of.  Chase,  73. 
Rhizopods,  new  fresh  water.  224. 
Rotifer,  revivification  of,  223. 
Tortoises  of  Mauritius  related  to  those 

of  Galapagos,  403. 

See  furtiier  under  Geology. 
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